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ABSTRACT
2~Butylidenecyclopentanone, 2-butylidenecyclohexanone
and 2 -butylidenecycloheptanone were prepared by the 
Heformatsky reaction of 2-bromocyclopentanone, B-b^omocyclo- 
hexanone enol acetate and 2~bromocycloheptanone respectively 
with n-butyraldehyde and their structure was confirmed by 
infrared and ultraviolet spectroscopy.
Reduction of the exo-cyclic ketones with LiAlH^ 
gave the corresponding cyclic allylic alcohols which were 
purified chromatographically and characterised by their 
mass spectra.
On catalytic hydrogenation of these cyclic allylic 
alcohols, over a number of catalysts, three components were 
obtained by chromatography* Xn each case the first 
components were shown to be the dehydrogenation products, 
by comparison of theif retention times with authentic 
samples. The second and third components were shown to be 
cis- and trans-cyclic alcohols. The cis and trans—2-butyl— 
cyclopentanol were separated by preparative glc. The 
cis- and trans-2-butylcyclohexanol and 2-butylcycloheptanol 
were separated by column chromatography. They were assigned 
cis- and trans- configurations by n.m.r. in DMSO.
The stereochemistry of the hydrogenation of these cyclic 
allylic alcohols is discussed.
Hydrogenation of the exo-cyclic ketones in the 
presence of Pd/C gave the corresponding saturated ketones, 
characterised by the preparation of their derivatives. The
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saturated ketones in turn were reduced by LiAlH^ and 
hydrogenated in the presence of Raney Ni to the saturated 
cis- and trans-eyelie alcohols,
2-Bensylidenecyclopentanone, 2-benzylidenecyclo- 
hexanone and 2 -bensylidenecycloheptanone were prepared by 
condensation of cyclopentanone,cyclohexanone,and cycloheptanone 
respectively with benzaldehyde under alkaline conditions and 
their structure confirmed by u.v., i.r., and n.m.r. 
spectroscopy.
Reduction of the exo-cyclic ketones with LiAlH^ 
gave the corresponding cyclic /allylic alcohols, characterised 
by u.v., i.r., and the preparation of derivatives.
On catalytic hydrogenation of these cyclic allylic 
alcohols, over a number of catalysts, five components were 
obtained by chromatography. In each case the first 
components were shown to be the hydrogenolysis products, 
by their i.r. spectra. The second and third components were 
shown to be the cis- and trans-2 -hexahydrobenzyl cyclic 
alcohols by their n.m.r. in DMSO. The fourth and fifth 
components were shown to be the cis- and trans-2-benzyl cyclic 
alcohols by the preparation of derivatives and by n.m.r. in 
DMSO. The hydrogenation products were separated on a 
preparative bentone 3 —^ silicone oil column.
The stereochemistry of the hydrogenation of these 
cyclic allylic alcohols is discussed.
Hydrogenation of the exo-cyclic ketones in the presence 
of Pd/C gave the corresponding saturated ketones. The saturated 
ketones in turn were reduced by LiAlH^ to the saturated cis- 
and trans-cyciic alcohols.
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I N T R O D U C T I O N
THB MECHANISM AND STEREOCHEMISTRY OF CATALYTIC
HYDROGENATION
Prior to the work of* Farkas, Farkas, and Rideal 
(Proc.Roy.Soc., 193%, A, 1%6 , 6 3 0) catalytic hydrogenation 
of ethylene linkages at surfaces such as Hi or Pt was 
considered to involve the direct addition of a molecule of 
hydrogen across the double bond. Farkas, Farkas, and Rideal 
(loc* cit) examined the hydrogenation of ethylene with the 
then recently discovered heavy hydrogen isotoj)e deuterium 
and observed two reactions, an exchange reaction 
C_H. + ^  CkH.D + HD and the more usual addition reaction
Ci “ L Ci r Ci j)
CnH, + D0'— ^ C^H.D . They suggested that exchange might
Ct L1  Ci * 4  Ci
take place via an adsorbed vinyl radical, and that
hydrogenation appeared to involve simultaneous addition of 
two hydrogen atoms from the same hydrogen molecule.
Following a discovery of the exchange reaction 
Koriuti and Polanyi (Trans.Faraday Soc., 193%, 30, 116%) 
proposed a possible mechanism for hydrogenation and exchange. 
They suggested that initially ethylene was chemiadsorbed by 
opening of the double bond and reaction of the two carbon 
atoms of the double bond with two appropriately spaced Ni 
atoms in the catalyst and the exchange reaction was visualised
- l i ­
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Hydrogenation was explained' by this mechanism as a side 
reaction to. the main replacement reaction; by the 
attachment of* a second deuterium atom on the half­
hydrogenated state.
An essential feature of this mechanism, known as 
the associative mechanism, is that hydrogenation process 
results from the statistically independent approach of 
two hydrogen atoms,
Farkas and Farkas in a series of paioers (Trans,. 
Faraday Soc., 1937, .33, 678; ibid 1937, 33, 827; ibid 
1937, 33, 837; J.Amer.Chem.Soc,, 1 9 3 8, 6 0 , 2 2 ) obtained
further evidence in support of* their own views that 
hydrogenation and exchange proceed according to two 
distinctly different mechanisms and are independent of each 
other. The hydrogenation consists of the simultaneous 
addition of two hydrogen atoms of one catalytically 
activated hydrogen molecule in the "adsorption layer".
This followed from experiments on the catalytic interaction 
of para-hydrogen and ethylene. In the absence of ethylene 
there was a rapid conversion of para-hydrogen on a Ni or Pt 
catalyst showing dissociation of the para-hydrogen molecule. 
In the presence of ethylene, however, the conversion was 
strongly inhibited though hydrogenation was proceeding.
This suggested that the hydrogen molecule is taken up by 
the ethylene on the catalyst surface, as soon as if comes 
into contact with the catalyst, before its atoms have any 
chance to evaporate again by recombining with each other 
or other atoms. The simplest explanation for such 
behaviour is that both atoms of the same molecule are 
taken up simultaneously by the ethylene.
The exchange involves the rupture of a C-H bond 
(dissociative chemi-adsorption) in the unsaturated 
compound and the subsequent reunion of the so formed radical 
with a second deuterium atom:
Other investigators, especially Bourguel (Bull.Soc. 
Chin*France, 1932,^,5.1, 253) and Vavon (ibid 1927, 41,
1253) had already suggested views closely related to the 
above-mentioned mechanisms; but based on more indirect 
evidence.
Far Isas and Farkas believed that these two reactions 
(hydrogenation and exchange) have a decisive role in the 
formation and interconversion of stereochemical isomers. 
Though the course of the reaction may be determined by 
stereochemical influences, its ultimate aim is the 
attainment of the thermodynamic equilibrium. According to 
the above mechanisms in the hydrogenation of ethylene 
compounds, we have to expect from cis-compounds the meso 
compounds, and from trans- compounds the racemic compounds, 
even though the product may not be more stable.
X Y
\/c. cxs addition of E, i'C'
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/ \
X Y
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Cis-compound Meso nroduct
X Y
V
V H
cis addition of
C
/\
I
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The hydrogenation of the following compounds 
proceeded in agreement with this scheme and supported the 
above mechanisms. (E. Ott., Ber., 1928, 6 l , 2119, 2124.)
Dimethylmaleic acid ■■  .... meso-form
Dimethylfumaric acid ■'-----racemic-form
Cis- dime thy 1 s t i lb e ne ■ ■  ..— ^ meso-forEi
Trans-dimethylstilbene ---- ^ racemic-form..
However, Greenhalgh and Polanyi (Trans.Paraday Soc, 
1 9 3 9, 3J5, 5 2 0 ) pointed out that the cis addition observed 
by Farkas and Farkas was not proof of the simultaneous 
addition of two hydrogen atoms. They showed that the 
associative mechanism of Koriuti and Polanyi can also 
account for cis addition as follows:-
’ f) R9R1 ‘ R0 R1R R / \ -7 ■ R ^\ R^  1 / \  / \  >  2
R2 R2
% R1
I
H
*7- rN±7 T Ni7/~ H2/  vv Ni7 7
7\ >
— C
if H
The optical configuration of the half-hydrogenated
state is not destroyed by free rotation about the carbon-
carbon axis and if breaking of the catalyst bond and
substitution by hydrogen occurs by the same sterlc
1 2mechanism for both H and H , which is quite reasonable 
to assume, the final product is the observed cis-addition 
product.
The migration of double bonds and the cis-trans 
conversion observed on metallic catalysts also constitutes 
evidence in favour of the associative mechanism. The 
catalytic hydrogenation of ethyl oleate to ethyl stearate 
is accompanied by side reactions leading to the formation 
of isomers of ethyl oleate. Moore (J.Soc.Chem.Xnd., 1919, 
3 8 , 3 2 1 7) found that the "isooleic acidsu formed by 
hydrogenation'of oleic'acid contain beside elaidic acid 
isomers with shifted double bonds. He established that 
these isomeric changes take place on the catalyst only 
during hydrogenation and concluded that they constitute 
a side reaction of this process. Greenhalgh and Polanyi 
showed that such side reactions can be predicted from the 
associative mechanism; the half-hydrogenated state can
lose a hydrogen atom in different ways:
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The existence or these isomeric changes cannot 
be accounted Tor by the dissociative mechanism and it 
seems difficult to maintain, this mechanism in view of this 
inadequacy, the more so since the very phenomenon which it 
leaves unexplained arises as a necessary consequence of the 
associative mechanism.
Conn and Twigg (Proc.Roy.Soc., 1939, A, 171, 70) 
studied the exchange reaction between ethylene and deutero- 
ethylene. No exchange should occur if the associative 
mechanism is correct, since the presence of hydrogen is 
vital for the formation of the half-hydrogenated state. In 
the dissociative mechanism, the exchange should occur 
through dissociation followed by recombination. No exchange 
was found to take place thereby confirming the associative 
mechanism.
Rideal and Twigg (Proc.Roy.Soc., 1939, A, 171, 55) 
favoured a modified form of the associative mechanism.
They observed that both exchange and hydrogenation were 
of the same kinetic order, being of first order with 
respect to hydrogen pressure, and that the equilibrium 
H0 + D .'.-A 2ED was inhibited by ethylene indie ating that
Ca ilk s^1"”1 "
the concentration of the chemisorbed atomic hydrogen 
during reaction was very small. This led them to suggest 
that in both reactions the initial rate determining step 
involved reaction of a Van der Waal’s adsorbed hydrogen 
molecule with an associatively adsorbed ethylene molecule. 
This would produce in the case of hydrogenation a non 
adsorbed ethane molecule obtained by molecular addition of
a Van der Waal’s adsorbed hydrogen molecule. This 
hypothesis of molecular addition they considered to be 
supported by the evidence put forward by Farleas and Farkas 
(Trans. Faraday Soc., 1937, 32’ for cis-addition.
Twigg and Rideal (Trans. Faraday Soc.,, 19ziO, 36,* 533) 
examined the packing of ethylene molecules on a nickel 
surface. Using reasonable values for bond distances they 
showed that ethylene covered the surface so completely so 
that no sites were left open for the — -- 2HD
equilibration. This is also in agreement with their 
findings.
Twigg (Discussions Faraday Soc., 1950, 152)
found that addition of hydrogen to the double bond does 
not take place in a single act but that the hydrogen 
molecule is first split into atoms which then add one at a 
time. He hydrogenated ethylene with a mixture of H0 and D0.
C* Cm
The addition of single atoms would produce ethane of
1 1 composition ^ CH^-CH^+IT CH^-CH^D + ^ CH^D.CH^D . However,
the simultaneous addition of a pair of atoms would produce
a mixture of Jr CH^-CH^+lr CH^D.CH^D. Twigg suggested a
mechanism of hydrogenation taking into account the following
salient facts.
(a) The order of reaction is identical in exchange 
and hydrogenation.
(b) The energy of activation for exchange is greater 
than for hydrogenation.
(c) The ortho-para conversion and the reaction
Hg + Dg --  ^2KD are inhibited by ethylene except in so far
as they proceed, via exchange with the ethylene.
(d) The hydrogen returned to the gas phase during 
exchange between ethylene and deuterium is very largely 
hydrogen mol2oules.
(e) Hydrogen is dissociated into atoms before
hydrogenati
2 4
1
CHgD
CH, CK
+ D,
QHtt— chd
+ HD
ir r
7 j N y  ^ Nx^ ^
I 7
4/
2 D “ C H 2 D
Ethylene is adsorbed by opening of the double bond. 
The adsorption of hydrogen takes place by reaction of a 
Van der Waal’s adsorbed molecule with an adsorbed ethylene 
molecules Since exchange and hydrogenation have different 
energies of activation this step (3 ) cannot be the rate 
determining one. Since both reactions have identical 
kinetics the rate determining step must proceed from the 
same adsorbed state and therefore reaction (4) controls 
exchange while reaction (7 ) controls hydrogenation.
Because the hydrogen returned to the gas phase during 
exchange between ethylene and deuterium is largely 
and reactions (3) and (4) would only give HD, we must add 
another and faster reaction.
CH2 ^ H 2 D
* 2 A CHD
CH,7/^/ f TT*Mif7 Ni^-y
-T-/-N ±j~r
H
7*7 Ni/* 7
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These steps can fag. shown to explain all the features 
of the exchange and hydrogenation reactions.
Beech, Smith, and Wheeler (Proc.Roy.Soc., 1940, A, 
177, 6 2 ) concluded that ethylene was adsorbed on four sites 
(the ratio of hydrogen to ethylene adsorbed on a Ni surface 
being 2 : 1). They postulated that ethylene was 
dissociatively chemisorbed to an acetylenic complex and two 
chemisorbed hydrogen atoms.
C~4 • CH
C2H4 + 4N1 '— >
T7
+ 2NiH
Ili77
However, to explain the hydrogenation, Beeck 
(Discussions Faraday Soc., 1950, j8 , 118) suggested that 
some ethylene was also associatively adsorbed.
Jenkins and Rideal (J. 1955, 2490, 2496) studied 
the adsorption of ethylene,, alone,, and in-?the presence of 
hydrogen on Ni films. Their results indicated that 
ethylene undergoes dissociative chemisorption to form an 
adsorbed acetylenic complex and two chemisorbed hydrogen 
atoms. The final structure on admission of the two gases 
is some 80% coverage by acetylenic complexes, 1 0% by 
hydrogen on double sites, and 10% on single sites. The 
chemisorbed hydrogen on the 10% of double sites on this 
covered surface is readily removed by gaseous ethylene, 
to form ethane (Hydrogenation). No evidence of chemisorbed 
ethylene was found.
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Based on these observations, Jenkins and Rideal 
proposed a different mechanism from that of Twigg in that 
hydrogenation eome&vabout as a result of collision between 
a gaseous ethylene molecule (non-adsorbed) and two feddorbed 
hydrogen atoms.
D D
1 > ? C2H4D2 + 2H1
C2H4 +
p ry N i'/ 'g r  M i^  jr*
2 a CH2D
CHg D ' 2 b
T  “/Ni**/ “ / N iy  y
C2H3D
+
H D
3
V
2Ni + HD
To explain the fact that iri the initial stages of 
Twigg * s experiments on + D^ the hydrogen leaving the
catalyst is almost pure hydrogen, and not HD, they suggested 
that the exchange reaction rate (reaction 2) is considerably 
faster than the rate of desorption of hydrogen from the 
surface (3), so that all the deuterium adsorbed will exchange 
with hydrogen before desorption.
R.P. Eischens and W.A. Pliskin, Adv. Catalysis, 1958, 
10, 1) have interpreted the infrared spectra of ethylene 
chemisorbed on Ni. They showed that the adsorption 
can be either associative or dissociative, depending on the 
experimental conditions used.
Associative chemisorption of ethylene is obtained
at 35 C, when preadsorbed layer of hydrogen has been left on
- 21 -
the nickel surface. Ethylene gave rise to absorption bands 
which correspond to the C-H stretching frequencies of a 
saturated hydrocarbon (3.4-3.5 jx) and a deformation 
associated with a methylene group (6.91 |l). A weak band 
at 3.3 H- was attributed to an olefinic C-H.
When the chemisorbed ethylene is treated with 4 mm. 
hydrogen at 35°C the C-H stretching absorption shifts from 
3.46 to 3#40 [x (higher resolution spectra show that the 
band referred to as 3.40 is actually composed of two bands 
of equal intensity at 3-38 and 3,42 n), the C-H deformation 
bands grow more intense and shift from 6.91 to 6.86 |X and 
a new band appears at 7.25 All these changes indicated
that the hydrogen treatment produced adsorbed ethyl radicals. 
Apparently, in the presence of hydrogen most of the 
chemisorbed ethylene has a saturated structure, although if 
the pressure of hydrogen is sufficiently low, or the 
temperature high, unsaturated structures are produced. 
However, the unsaturation may be associated with either 1,2- 
diadsorbed ethylene, or a TT-bonded olefin.
Various authors have suggested that olefins and 
other unsaturated hydrocarbons may form TT-complexes by 
associating with a single atomic centre of the catalyst.
These structures are assumed to be analogous to the 
TT-olefin complexes of the transition elements (Chatt, J., 
1949, 3340 and Chatt, J. and Duncanson, J., 1953, 2939)* 
n;-Complexes, held to the surface in a manner similar to 
the bonding in compounds such as ferrocene, were believed 
by Rooney, Gaultf and Kemball (Proc, Chem. Soc., i960, 407) 
to provide an explanation for the patterns of exchange 
with deuterium exhibited by a number of polymethylcyclo- 
pentanes. In particular, they suggested that such 
complexes could unite with hydrogen from the gaseous 
or physically adsorbed phase as well as with hydrogen 
chemisorbed on the surface.
Adsorbed species having Tt-electrons delocalised 
over four carbon atoms were also proposed (Rooney, Gault, 
and Kemball, J. Catalysis 1962, JL, 255)*
New effects arise when the adsorption of cyclic 
olefins is considered. In the case of 1,2-dimethylcyclo- 
hexene, for example, both sides of the molecule are 
equivalent, and adsorption as a TC-olefin species is possible 
If, however, the molecule is adsorbed as diadsorbed
olefin, the two methyl groups automatically assume a 
cis-configuration, and the ring assumes a boat or more 
probably a chair conforraation. In the case of 2,3-dimethyl 
cyclohexene, however, the two sides of the ring are not 
equivalent if a change in hybridization occurs on adsorption 
If adsorptinn occurs with the methyl group in position 3 
pointing away from the surface, the product is 0 - 1,2- 
diadsorbed cis-2,3-dimethylcyclohexane: if on adsorption
- 23 -
this methyl group points toward the surface, the product 
has the trans configuration (Siegel, S., and Smith, G#V.,
Jw’ Amer. Chem# Soc# 19^G* * 6082)#
Smith and Burwell (J# Amer. Chem# Soc#, 19&2,
925) showed that the reaction of deuterium with A
octalin, which is catalysed by reduced platinum oxide,
yields a mixture of cis- and trans- decalins containing an
average of nearly three deuterium atoms per molecule. Under
the same conditions A1’9-octalin gave somewhat less of the
cis isomer but the saturated products contained an
average of two deuterium atoms per molecule# From a
detailed analysis of the distribution of deuterium in the
products they concluded that most of the cis- and all of
the tranS-decalin produced from A9,10-dctalin was derived .
from a common intermediate in which three hydrogen atoms
are equilibrated, possible A1’9-octalin-10-d. Accordingly,they
assumed that the reaction with -octalin proceeded oainly
through 1-raonoadsorbed A^’^-octalin and thence A ’^octalin-10-d.
5 4
i
. M
1-monoadsorbed 
A9, "^-octalin
cis and trans
* <5 10A * -octalin A1,9-octalin-10-d
The similarity between heterogeneous and homo­
geneous catalytic hydrogenation has been emphasized recently 
by the demonstration that platinum-tin complexes (Cremer,
- 24 -
Jenner, Lindsey, Stolberg., J. Amer. Chem. Soc., 19^3, 65* 
1691) catalyze the homogeneous hydrogenation of ethylene at 
room temperature and certain complexes of rhodium (Osborn, 
Wilkinson, and Young, Chem. Coramun., 1965, 1, 17) are 
effective for the hydrogenation of 1-hexene.
Although the mass of evidence indicates that the 
two atoms of hydrogen which add to a double bond do so in 
the cis sense, the direction of approach to the hydrogen 
acceptor is deduced from indirect arguments.
A.T. Blomquist, Liang Huang Liu,. and J.C. Bohrer 
(J. Amer. Chem. Soc., 1952, , 3 6^3) noted that trans-
cyclononene exists in but one relatively unstrained con­
formation. The carbon atoms of the double bond and 
the atoms attached to them lie in a plane.
The two exterior carbon atoms are joined by the 
chain -CH^CHpCHgCHgCHg- which passes either behind or in 
front of the plane, completely blocking one side of the 
double bond. In cis-cyclononene both sides of the double 
bond are accessible. The ready hydrogenation of both 
cis- and trans- cyclononene indicates that hydrogen 
addition occurs on that side of the plane of the olefin 
which faces the catalyst, and it also suggests that a
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mechanism which involves collision of a non-adsorbed hydrogen 
molecule with adsorbed olefin is unlikely,
BUTENES
Taylor and Dibeler (J. Phys. Chem. , 1951* j>j5» 1036) 
applied mass spectrometric methods to the study of the 
interaction of deuterium with olefins, used this technique 
as well as infrared spectrometry to study the exchange, 
addition, double bond migration, and cis-trans isomerization 
reactions of 1- and 2- butenes on a nickel wire. Hydrogen 
or deuterium is required for the isomerization of 1-butene 
to Cis- and trans- 2-butene, or for the interconversion 
of the cis and trans isomers. Unless hydrogen (or 
deuterium) is admitted to the reaction chamber first, the 
rates are not reproducible. At pressures of about 10 cm. 
for each reactant, the rate of addition of hydrogen to 
l~butene and its isomerization were about equal at 60°, 
but at 125° the double bond migration was about 2.5 times 
faster.
Because the activation energy for double bond 
migration is greater than for hydrogenation, the 
reactions were assumed to have different rate-controlling 
steps. Both reactions show a kinetic isotope effect: at
6o° the rate of double bond migration is four times faster 
in the presence of hydrogen than in the presence of 
deuterium; at 130° the rates differ by a factor of 2.5 ; 
therefore, a hydrogen (or deuterium) bond must be broken 
in the rate-controlling step in both reactions. In the
presence of deuterium the initial rate of double bond 
migration for 1-butene was approximately the same as the 
initial rate of exchange. Apparently all the above reactions 
of 1-butene have the same pressure dependencies, i.e. 
proportional to the square root of both the initial butene 
pressure and the initial hydrogen, or deuterium pressure.
The Horiuti-Polanyi mechanism is in accord with 
the above data. For example, if the formation of the 
half-hydrogenated state is rate controlling, the rate of 
both hydrogenation and double bond migration should 
exhibit a kinetic hydrogen isotope effect and the rates 
should be proportional to the one-half power of the 
pressure of hydrogen. The relative rates of isomerization 
and hydrogenation depend upon different reactions of the 
half-hydrogenated state, and therefore the activation 
energies may differ* It is unnecessary to assume that 
the two reactions have different rate-controlling steps.
However, the exchanged butenes were not highly 
deuterated and followed a different distribution pattern 
than the deuterobutanes; consequently, Taylor and Dibeler 
suggested that the exchange and addition reactions probably 
occur on different types of sites and by quite different 
mechanisms. Accordingly, they postulated that the exchange 
and double bond migration proceed via an allylic complex;
the formation of the complex being aided by allyl radical 
resonance and the tendency of hydrogen to form a metal-to- 
hydrogen bond. They suggested that the same intermediate 
could yield the other products also.
Although Taylor and Dibeler found that the isomeriza­
tion of cis- to trans-2-butene required either hydrogen, or 
deuterium, the reaction showed no kinetic isotope effect.
The isomerisation was eight to ten times faster than 
exchange and three to five times faster than hydrogenation 
ai 75°. The lack of an isotope effect could be explained 
by the associative mechanism if the loss of hydrogen from 
the haIf-hydrogenated state were rate controlling, because 
to obtain the trans form from the cis isomer the hydrogen 
removed in this step must be different from that added in 
the preceding elementary reaction. However, the exchange 
and isomerisation reactions should then proceed at the 
same rate.
CH
CH-
CH
:ID
M
Isomerisation and exchange of cis-2-butene
The dissociative mechanism can explain both facts 
in that the hydrogen removed in the first step may recombine 
with an isomeric form of the allylic intermediate to yield 
the isomeric olefin. Apparently syn and anti ru-allylic 
complexes (McClellan, Hoehn, Cripps, Muetterties, and Howk,
J. Amer. Chem. Soc., 1 9 6 1, 8^3,, 1601, and Bertrand, Jonassen, 
and Moore, Inorganic Chem., 1 9 6 3, _2, 601) retain their 
configurationsuniess each may be converted into a common 
-bonded complex in which the nonterminal carbon atoms 
of the allyl group are connected by a single bond and the 
isomerization of the intermediate can be represented as
H H
R
Syn TU-allyl bonded allyl structure Anti TC-allyl
complex complex
However, the recombination of the hydrogen atom with 
the allylic intermediate must be faster than the rate at 
which it enters the surface pool of hydrogen and deuterium 
atoms* Taylor and Dibeler also suggested that the 
presence of hydrogen* or deuterium, might be required to 
reduce the extent of strong two-point adsorption of the 
double bond and thus permit the olefin to dissociate on 
a bare site.
THE STBRIC INTERACTION BETWEEN SUBSTRATE AND THE CATALYST
Explanations of the stereochemistry of hydrogenation 
have been dominated by ideas concerning the manner in which 
a given unsaturated compound may best be fitted on to a 
planar surface from which hydrogen is abstracted.
To account for the formation of principally 
cis-2-alkylcyclohexanols from 2-alkylcyclohexanones, Vavon, 
G; (Bull. Soc. Chim. France, 1 9 2 6, [4] J39, 668) suggested
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that steric hindrance between the substituent and the 
catalyst directed the attack of hydrogen on the carbonyl 
group from the side away from the alkyl group. However, 
the concept of hindrance between catalyst and substrate was 
more clearly developed by Linstead, Doering, Davis, Levine, 
and Whetstone (J. Amer. Chem. Soc., 1942, 64, 1 9 8 5) who 
asserted that it operated at the adsorption stage of the 
reaction. They established that the hydrogenation of 
derivatives of octahydroplienanthrene yielded mainly
cis-syn-cis-perhydrophenanthrenes and similarly diphenic acid
by reference to the hydrogenation of cis-as-octahydrophenan~ 
threne. If the aromatic ring, lying with its face parallel to the 
surface, anchors the molecule., to the catalyst, two arrangements are
9 10
cis-as-octahydrophenanthrene cis-syn-cis-perhydrophenan
threne
or cis-hexahydrodiphenic acid gave principally cis-syn-cis-
perhydrodiphenic acid.
The concept of catalyst hindrance is illustrated
possible; In one, ring A is inclined away from the surface, 
and the hydrogen atom at C-13 is directed toward it; If 
hydrogen adds from the underside of the molecule, the 
hydrogen which becomes attached at C-12 is on the same side 
as that at C-13 and therefore yields the syn arrangement 
of the cycles* The opposite situation holds if the molecule 
is adsorbed so that ring A is directed towards the surface; 
the addition of hydrogen at C-12 now yields the anti 
arrangement with regard to C-13* That the first manner of 
adsorption is preferred over the second is a reasonable 
assumption; consequently, the products of syn hydrogenation 
should and do preponderate. The same argument may be 
applied to the diphenic acids assuming that they are 
adsorbed in a conformation which brings the carboxylie 
acid groups together*
/ AJ
-x
Catalyst
Preferred adsorption: Ring A clear of catalyst; 
syn hydrogenation occurs*
■»
:■! / / /
-  Catalyst —
Hindrance between catalyst and ring A; adsorption inhibited; 
little or no anti-hydrogenation
It is not clear how they would transpose these ideas 
for ketones substituted at the more distant 3- and 4- positions 
where a classical sort of hindrance would be lessened*
Siegel (J* Amer. Chem. Soc., 1953* £!5, 1317) applied 
the ideas which allow the estimation of the relative energies 
of the various conformations of molecules, to a rationalization 
of the stereochemistry of hydrogenation of substituted 
cyclohexanones. The stable conformation of a monosubstituted 
cyclohexanone is one in which the substituent is in an 
equatorial position and the carbonyl oxygen is included 
in the plane defined by the carbonyl carbon atom and the 
adjacent carbon atoms of the cycle. If the molecule is 
adsorbed without change in conformation so that the 
carbonyl group is attached at two points, carbon and oxygen 
atoms, the least hindered arrangement will be one in which 
the cycle will tilt away from the surface of the catalyst. 
Addition of hydrogen from the direction of the catalyst will 
lead to the formation of a hydrogen-carbon bond (equatorial), 
i.e. trans to a substituent in the 2-position and 
consequently a cis arrangement of substituent and hydroxyl 
group. The parallel argument for the 3“Substituted 
cyclohexanone predicts the formation of the trans 
substituted cyclohexanol while the 1,4-isomer should yield 
chiefly cis-alcohol. From this point of view the 
stereospecificity of the reaction does not arise simply 
from steric hindrance between catalyst and substituent, 
but rather to the steric interactions between substituent 
and the atoms of the cycle combined with the requirement of
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a precise orientation of the carbonyl group on the catalyst.
Earlier Balandin, A.A., Z. Physik. Chem. (Leipzig)
192%, B2, 289 in "his multiplet hypothesis" had suggested 
that there is a necessary relationship between the geometry 
of molecules and the distribution of atomic centres on a 
surface which catalyses, their transformations.
The possibility that the stereochemistry of 
hydrogenation might be established at stages in the reaction 
other than adsorption was considered by Siegel and Dunkel 
(Adv. Catalysis, 1957, J9, 15)# However, from their data 
on the hydrogenation of a group of dimethylcyclohex£nes, 
they concluded that the geometry of the organic moiety at 
the product-controlling transition state was like that of 
the cyclo ole fin in its most stable Conformation.
Hadler,, H.I., Experientia, 1955, JUL, 175, employed
Conformational analysis to explain the difference in the
proportion of cholestane to coprostane derivatives
% 5resulting from the reduction of A and A steroids. He 
suggested that the hydrogenation process involved the formation 
of a quasi-ring structtire between the unsaturated carbon 
atoms and two hydrogens originally dissolved ir. the metal, 
a mechanism which is similar to one proposed by Beeck, 0 ., 
Discuss Faraday Soc., 1950, 118 and by Jenkins and Rideal
J. 1955, 2%9O#
\/
*-~y • y r - —
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He assumed, in effect, that the saturated structure of the 
product was fully developed in the transition state for the 
addition of hydrogen to the double bond.
The concept that the stereochemistry of reduction 
of an unsaturated hydrocarbon is determined at the adsorption 
stage of the reaction is evident in each of the above 
accounts.
THE GEOMETRY OF ADSORBED ALKENES AND THE TRANSITION STATE
Burwell, R.L., Shim, B.K.C., and Rowlinson, C.
(J. Amer. Chem. Soc., 1957, 79* 51%2) have discussed the 
geometry of a, diadsorbed alkanes in connection with 
studies of the exchange of cycloalkanes with deuterium.
They found that the initial isotopic exchange patterns 
from cyclopentane and cyclohexane exhibit marked discontinuities 
following the species corresponding to the complete exchange 
of hydrogen on one side of the cycle. The effect disappears 
for cycloalkanes largerthan cycloheptane which shows a 
slight discontinuity after d7-cycloheptane. From this they
concluded that the exchange must proceed via o vie -diadsorbed 
alkane in which both bonds to the surface are in the same 
plane, an eclipsed conformation.
In the smaller cycles only the cis vicinal hydrogen 
atoms can be eclipsed but in cycloheptane and higher 
homologs both cis and trans hydrogens may do so. Accordingly, 
the exchange of hydrogen atoms on both sides of the cycle 
may proceed}during a single sojourn on the catalyst, via the 
ot, (3-diadsorbed alkane in the larger cycles, but some other
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process is required in the six-membered and smaller cycles,
1 ,2- diadsorbed bicyclo 
[2 .2 .1 ] heptane
\ La
Tt-complexed bicyclo 
[2 .2 .1] heptane
The exchange of deuterium with bicyclo [2.2.1.] 
heptane appears to offer a partitdldiriy good test of this 
hypothesis. Because only the hydrogen atoms on C- 2  and 
C-3 may be eclipsed, the initial exchange should be and is 
limited to only two hydrogens.
Rooney, J.J., J. Catalysis, 1 9 6 3 , 53, expressed
the view that the a, P exchange process involved TC-olefin 
complexes and asserts that this explains the pattern of 
exchange on a palladium film of deuterium with 1,1- 
dimethylcyclobutane. Its failure to exhibit appreciable 
multiple isotopic exchange was attributed to the difficulty 
of forming a TC-olefin complex,because of the strain in 
cyclobutene.
Apparently, the exchange patterns can be explained 
qualitatively by reference to either structure for the 
adsorbed olefin, the eclipsed 1 ,2-diadsorbed alkane, or the 
olefin 7U complex.
Siegel, S. and Smith, G.V., J. Amer* Chem. Soc., 
i9 6 0, 8 2 , 6082; and Siegel, S., and Dmuchovsky, B., ibid
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1 9 6 2, 84, 3 1 3 2, explained the fact that 2-, 3- or 4-alkyl 
substituted methylenec yclohexanes yield more of the axial- 
equational dialky Icy clohexane ( cis-1 , 2-,trans~l, 3 - and 
cis-1,4- dialkylcyclohexanes) by the assumption that the 
olefin which exists mainly in the chair conformation 
approaches the surface so that the cycle is inclined away 
from the reactive site and substituents prefer the 
equatorial positions on the cycle. The cis addition of 
hydrogen then yields the more unstable disubstituted 
cyclohexane from this preferred intermediate*
■Bu
X . set CH,
Methylenecyclo- Tt-eomplex -C*--complex 4-tert-butyl-l-saethyl-
hexane cyclohexane
Similarly, to explain the stereochemistryof 
hydrogenation of dialkylcyclohexenes (other than 
1 , 2  derivatives)at high pressures of hydrogen, Siegel and 
Smith (J. Amer. Chem. Soc., i9 6 0, 8 2 , 6082) suggested that, 
in the transition state for adsorption,the cycloaJikon© adopts 
a pseudo-chair conformation, the most stable geometry of 
an isolated cyclohexene. For example, this assumption 
accounts for the virtual 1 : 1  ratio of cis and trans
saturated products obtained at 1 00 atmospheres from 4-tert- 
buiyl-l-methyXcyclohexene, because in this conformation 
the double bond is equally approachable from either face 
(Siegel and Dmuchovsky, J. Amer. Chem. Soc., I9 6 2 , 84,
3132). In contrast, the limiting ratio of saturated isomers 
obtained from the isomeric methylenecycloalkane corresponds 
to about 60% of the less stable form because the cycle, 
which in this compound is virtually restricted to a single 
chair form in which the tert-butyl group is equatorial, 
provides a greater hindrance from the direction which would 
yield the trans isomer than the other which would lead to 
the cis.
To account for the formation of mainly trans- 
dialkyl eyelohexane from 4-tert-butyl -1-methyleyelohexene 
Sauvage, J.F., Baker, R.H., and Hussey, A.S., J. Amer. Chem. 
Soc., i9 6 0 , 8 2 , 6O9O, assumed that substituted cyclohexenes 
were adosrbed in a boat conformation, a very large group such 
as the tert-butyl group being forced to take a position 
exo to the boat. Their arguments sought to explain the 
results obtained at about one atmosphere of hydrogen which 
approximate better the limiting cis/trans ratios obtained at 
low pressures than those at high.
To develop the geometry of the above transition 
state, one assumes first that the eclipsed 1 ,2-diadsorbed 
alkane adopts a boat conformation. Clearly, a large group 
at C-4 should prefer to be exo (trans to the C-l methyl 
group); however the driving force which causes the cycle 
to adopt the boat instead of a chair conformation, would cause
a small substituent to prefer to be endo (cis to the C-l 
methyl group), and indeed the proportion of cis isomers 
obtained from 4-alkyl-l-raethylcycloalkenes increases in 
the order tert-butyl isopropyl <^methyl, the per cent 
being 36, 47, and 57, respectively, at about one atmosphere 
of hydrogen. The driving force for the adoption of the 
above conformation in this instance has been assumed to be 
the spreading surface pressure arising from the saturation 
of the surface by various adsorbed species.
CH CH3
ir
exo-R.
CH,
2, 3-dimethylcyclopentene
4-substituted-1-methyl 
cyclohexene
From the fact that 2,3-dimethyTcyclopentene yields 
more trans- than cis-1,2-dimethylcyclopentane (6 3% trans 
at 290 atmospheres) Siegel and Dmuchovsky, J, Amer. Chem. 
Soc., 1964, 86, 2192, concluded that, in the transition 
state for adsorption, the geometry of the organic moiety 
has departed significantly from that of the cycloolef i m .
They noted that the repulsive interactions between the 
vicinal methyl groups increase as the complex progresses 
along the reaction path leading towards cis-1,2-dimethylcyclo­
pentane, an effect which runs counter to the interaction 
of the 3-methyl group and the catalytic site. The effect 
associated with the interactions between vicinal groups 
disappears when the substituents are not adjacent because
2» 4-dimethyleyelopenieae yield 8-8% of cis-1 ,3 -
dine-tfiSr^ y c'i6i)entane at 2 0 0 atmospheres.
Apparently the geometry of the transition state for 
adsorption is approximately that of a 7r-complexed olefin 
in that its structure seems to be only slightly distorted 
from that of the isolated alkene. However, this does 
not necessarily mean that the adsorbed state which is formed 
in the elementary reaction to which the stereochemistry 
refers is a n complex, because the same geometry also 
represents a stage in the progression of olefin to the 
eclipsed 1 ,2-diadsorbed alkane.
DIRECTIVE EFFECT OF HYDROXYL GROUP 
It is generally accepted that in catalytic 
hydrogenation steric factors determine the direction from 
which hydrogen adds to the substrate molecule. However, 
in view of-the fact that compounds containing co-ordinating 
groups such as carboxyl, hydroxyl, and amino are often 
readily adsorbed on hydrogenation catalysts, it would seem 
reasonable to expect that such groups may well exert non* 
steric directive effects in catalytic hydrogenation.
For cyclic olefins, the direction of the metal 
catalysed addition of hydrogen often parallels that of the 
formation of expoxides by peracids; in both reactions the 
direction of attack can be controlled by steric factors 
imposed by nearby substituents.
Formation of epoxides from cyclic allylic alcohols
occurs on the side cis to the hydroxyl group (H.B. Henbest 
and R.A.L. Wilson, J. 1957, 1958). Study of reaction 
velocities confirmed that the hydroxyl group exerts a 
promoting effect, and the hypothesis of a hydrogen bonded 
transition state was advanced in explanation.
cyclohexane cis-1 :2 -diol
Formation of an epoxide from cyclohex-2-en-l-ol was 
described by Kotz and Richter, J. Prak. Chem. ,1925, 111, 
3 7 3. A cis-relation of the epoxy- and the hydroxy-group 
was proved by reduction by lithium aluminium hydride to 
cyclohexane-cis-1 :2-diol by Henbest and Wilson, J. 1957, 
1958.
Knowledge of stereochemistry of steroids and 
availability of a variety of allylic alcohols prompted 
investigation of these reactions in the steroid series.
The relatively bulky angular methyl groups on the front (|3) 
side of the molecule, cause most reagents to approach 
from the rear (a). In this connection, peracid reactions 
are particularly stereospecific, high yields of a-epoxides
usually being obtained from olefins if (a) the ring system, 
considered as a vrhole^  is relatively flat with the 5ot : 8{3 
9a : 10(3 : 14a- configuration (,,5-allo-seriesu) wherever 
possible and (b) additional bulky groups of oc-configuration 
are not close to the olefinic bond.
afforded a~epoxides in good yields (Henbest and Wilson, J#, 
1 9 5 6, 3 2 8 9)* In contrast, 3P-hydroxy-cholest-l-ene 
afforded the p-epoxide the structure being established by 
reduction with hydride to cholestane-2p : 30~diol» (Henbest 
and Smith, J., 1957, 926#)
Thus, cholest-l-ene and 3P- chlorocholest-l-ene
0
R
/
R bH
R = H or Cl
?- HO.
H
3 P - hy dr ossy cho 1 e s t-
1-ene
H H
cholestane-2P:3P~ 
diol
Cis-epoxidation being assumed, the 4:5 epoxide first 
prepared by Rosenheim and Starling, J., 1937, 377, from 
3(3 :6(3-dihydroxy ■-cholest-4-ene should have the 4(3:53 
configuration and this was confirmed by Henbest and Wilson, 
J*, 1957, 1 9 5 8, by its reduction with LiAlH^ to a triol 
yielding a diacetoxy-alcohol on acetylation. The presence of
HO' j
OH
3(3 :6 [3 - dihy dr oxycho 1 es t - 4 - ene
HO
OH
43:5 3-epoxide
AGO
OAC
diacetoxy alcohol
a cis~3 :5~* alcohol-ester grouping was also indicated by 
the characteristic chelation shown in the infrared 
absorption spectrum.
The results therefore showed that allylic alcohols
direct attach specifically at the cis side ({3-side) even 
in steroids where |3-approach of reagents is normally 
difficult. In order to study the effect in further detail 
the velocities of some of the above reactions were measured. 
From the rate studies of monocyclic compounds (with various 
oxygen substituents) it was concluded that the allylic alcohol 
was exceptional in reacting more rapidly than expected.
The hydroxyl group was clearly exerting some promoting 
effect which in turn may be correlated with the directive 
influence in giving cis-epoxy-alcohols 4 It was further 
suggested that the rate studies and stereochemical results 
may be accommodated by postulating that hydrogen bonding 
causes an association of the reactants favourable for 
interaction between the electrophilic peracid oxygen and 
the olefin; a suggested transition complex was:
that polar substituents can exert special directing effects 
on the addition of hydrogen to cyclic olefins. They 
studied the hydrogenation of cholest-4-ene-3{3-ol using
M.C. Dart and H,B. Henbest, J,, i9 6 0 , 35^3t showed
Adams *g catalyst (ethanol, platinum and sodium nitriHLe). A 
mixture of coprostanol, cholestanol and hydrocarbon 
(hydrogenolysis product) was obtained.
1
HO
cholest-4--ene-3(3-ol
HO H
coprostanol cholestanol
It was found that the coprostanol:hydrocarbon ratio 
was influenced by the procedure used for preparing the 
Adams*s catalyst. It was shown that small amounts of
certain alkali salts cause the yield of coprostanol 
( ^>65%) to increase largely at the expense of the . 
hydrocarbon. The effectiveness of these salts of weak 
acids suggested that they were exerting some kind of
buffering effect (by neutralising traces of strong acid 
that are known to promote hydrogenolysis of allylic 
compounds).
They found that the reduction of eho1est-%-ene 
in ethanol (containing NaNO^) at platinum is only slightly 
stereoselective, coprostane and cholestane being formed in 
the ratio 55  ^ 5  (analysis by infrared methods).
cholest-4-ene
H
16 30
H
coprostane cholestane
C..W. Shoppee, B.D. Agashe and G.H.R. Summers, J., 
1 9 5 7, 3 1 0 7, studied the hydrogenation of 3P-methGxy 
cholest-ene with platinum oxide in ethyl acetate. The 
main product was 3 -P-methoxy-cholestane (6 0%).
CH,
3
Dart and Henbest, J., i9 6 0 , 35&3* observed that the
hydrogenation of cholest-4-ene was slow in contrast to 
the rapid reduction of the cholest-4-ene™3[3-ol, and its 
methyl ether Under the same conditions. Thus apart 
from increasing the rates of hydrogenation, 3P~hydroxyl
increased (55 — ^  70%) and the (3-me thoxyl group increased
conformation from its relatively slight directing effect* 
Dart and Henbest, j., i9 6 0 , 3 5 6 3, studied the 
hydrogenation of 2-benzylidenecyclohexanol (platinum- 
charcoal catalyst). It gave a mixture of cis-2-benzyl- 
cyclohexanol (47%), *-£5 trans- isomer (1%) and the 
hydrogenolysis product, 2-benzylcyclohexane (37%).
group caused (3-addition of hydrogen to be slightly
the proportion of a-attack (45 — 7" 60%) perhaps for steric 
Reasons, They suggested ihat the 3P-hydroxyl group of 
choiest-4-ene-3P-ol is likely to be in a quasi-equatorial
HO H
2 -benzylidenecyclohexanol
PhCI-L H Ph.CH H
+ + Ph. CH0 . Cy-H.2 *  6 11
HO iHO' H H
cis-2-foenzylcyclo­
ll exanol
trans-2-benzyleyelo­
ll exanol
.©petition of this hydrogenation using Adarns*s
catalyst containing sodium salts changed the yields to 
3 8, 35, and 8% respectively. Thus, as in the steroid
series, the presence of sodium salts increased the yield 
of trans-isomer in which hydrogen has added cis to the 
hydroxyl group and decreased the amount of hydrogenolysis.
They also hydrogenated other cyclohex-2-enols 
(at platinum) in ethanol containing NaNO^* No directing 
effect by the hydroxyl group was apparent in the hydrogenation 
of 2-methylcyclohex-2-enol or 2-methylenecyclohexanol, 
equal parts of trans- and cis-2-methylcyclohexanol being
Me
hexanol
trans-2 -methyl- cis-2-methyl- 
cyclohexanol cyclohexanol
obtained. Approximately equal amounts of the respective 
trans- and cis- isomers were also obtained on hydrogenations 
of 3 - me thy 1 eye 1 oh ex - 2 - eno 1 and (_+) -3, 6ct-dimethylcyclohex-2- 
en-lp-ol.
HO Me
M ex.
HO
3-msthylcyclohex-2-enol (+)-3,6a-dimethylcycXohax-2-en-l3-ol
In contrast, hydrogenations of racemic trans- and 
cis-piperita! gave good yields ) of the products formed
by addition of hydrogen cis to the allylic hydroxyl groups.
/ - Me 
HO
cis-oineritol trans-piperitol
Thus the replacement of methyl by isopropyl increased
i
Me v Pr \
v-
'Me
HO HO
the proportion of attack cis to hydroxyl, or trans to the 
alkyl group; the steric effect of the isopropyl group 
seemed the more important factor* The hydroxyl group in 
cis-piperitol is probably quasi-axial and effective in 
promoting cis- additions despite the presence of a cis- 
isopropyl group. In the following cyclohexenols giving less 
specific addition the hydroxyl group is more likely to be in 
an equatorial, or quasi-equatorial conformation.
HO
PhCH
HO H
Me
CH,'2
In order to clarify the effects of the accumulative 
(3-hydroxyl groups at and Cg carbon atoms and also of 
solvents on the stereochemistry of the hydrogenation of the 
4, 5-double bond, the catalytic hydrogenation of cholest-4-ene, 
cholest-4-en-3(3-oI and cholest-4-en-3(3, 6(3 -diol was studied 
by S. Nishimura and K. Mori, Bull. Chem. Soc., Japan, 1 9 6 3,
3 6 , 3 1 8 » in ethanol and also in acetic acid with (7 :3 ) 
rhodium-platinum oxide as catalyst. This catalyst was 
used because it can hydrogenate these allylic alcohols 
with only slight hydrogenolysis in acetic acid.
Proportions of 5(3- and 50c- cholestane derivatives
in the products of hydrogenation of cholest-4-enei cholest-4- 
en-3(3-ol and choTest-4-en-3f3, 6[3-diol.
Compound With (7:3) i&--Pt oxide With Pt oxide
in EtOH in HOAC in EtOH
5P 5a 5(3 5a 5(3 5a
Chole s t - 4 -ene 73 27 54 46 55(b) 45(b)
Cholest-4-en-3-(3“Ol 52 48 16 84 6 7 (b)3 3 (b)
Choles/fc-4- en-30, 6(3diol ~ 1 0 0 - 0(c) 54 46 - 1 0 0  - 0 (c)
(a) Hydrogenolysis products are excluded.
(b) Dart and Henbest, J., i9 6 0 , 356*3 (a small amount of 
NaNOg was added).
(c) No infrared absorption due to 5a-cholestane-3(3,
6(3- diol was detected.
The exclusive formation of the 5(3-cholestanedi.ol 
in ethanol seemed rather unusual, because it indicated that 
hydrogen was added preferentially from the (3-side which
appeared to be more hindered than the (X-side.
These results showed that in ethanol more 5P-compounds 
are formed than compounds. It was concluded that the 
6P-hydroxyl group exerts a definite directing effect to 
increase the (3-addition of hydrogen, but the 3P-hydroxyl 
group has little effect, if any. These results strongly 
supported that cholest-4-en-3P, 6(3-diol is in the conformation 
(a) where the 3(3-hydroxyl is quasi-equatorial and the 
6(3-hydroxyl axial rather than in the conformation (b) 
where the 3P-hydroxyl is quasi-axial.
The conformation (a) was also consistent with the 
fact that the 6f3-hydroxyl group is more easily hydrogenolysed
of 3oc-cholestan-3p-ol was obtained along with £u% of 5&~
the cholestenediol with platinum oxide in the presence of 
hydrocholoric acid. The hydrogenolysis of a {3-hydroxyl 
group caused by the oc-attack of hydrogen seems to be more
h '
H Conformation
(a)
than the 3|3-hydroxyl group in acidic medium since about 2 0%
cholestane, but no 5&“Cholestan-6P-ol in hydrogenation of
In acetic acid the yields of 5oc~ compounds generally 
increased. The increase is more pronounced in cholest-4~en 
-3{3- o 1 (48 — ^ 84%) and cholest-4-en-3P,6|3-diol (0 —  ^46%) 
than in cholest-4-ene (27 — ^-46%). Acetic acid probably 
weakens the directing effect of the hydroxyl group and 
increases the steric hindrance to the ^-addition of hydrogen 
This kind of directing effect probably results from 
its affinity for the catalyst metals.
T.J. Howard, Chera. and Ind., 1 9 6 3 , 1899* and 
Rec. Trav. Chim., 1964, 83., 992, reported catalytic 
hydrogenations of 2 -cyclopentyl±denecyclopentanol and its 
methyl ether over Raney nickel. The directive effect of 
a hydroxyl group or a methoxyl group resulted in highly 
stereoselective addition of hydrogen to an olefinic double 
bond.
Cis-2 -cyclopentyl-
cyclonentanol
(1-2%)
2-eyelopenty1i- Trans-2-eyelop enty1-
denecyclopentanol cyclopentanol
.OCH OCH.
Cis - 2 - eye lop enty 1 -
l-methpxycyclo- 
pentane 
(8%)
2 -cyclopentyli-
dene-l-methoxy-
cyclopentanC
H
m h /
’S rC5V
Trans-2-eyelop entyl-
1 -methoxycyclopentane
(9 2%)
It was argued that 2-cyclopentylidenecyclopentanol 
is essentially a planar molecule and steric factors cannot 
he responsible for this overwhelmingly one sided, addition 
of hydrogen. The two possible adsorption conformations 
of the unsaturated alcohol (or its methyl ether) differed 
only in that in one the -OH (or -OCH^) is directed away 
from the catalyst surface, while in the other it is directed 
towards it. It was suggested that the latter is the 
preferred adsorption conformation since in this case the 
molecule may be adsorbed by interaction of the lone 'pairs 
of the oxygen, as well as TU-electrons of the double bond 
with the catalyst. . If hydrogen adds cis- from the catalyst 
surface, then addition of hydrogen to this adsorption 
conformation will give the trans-alcohol (or its methyl 
ether). Since trans alcohol 9&% or in the case of the 
methyl ether 92% is  obtained, it.‘is the hydroxyl group or 
the methoxyl group which by controlling the Adsorption of 
the unsaturated alcohol or ether is responsible for the 
highly stereoselective hydrogenation.
It was further pointed out that highly stereo­
selective hydrogenation cis- to the -OCH^ in the case of
2-cyclopentylidene-l-methoxycyclopentane is surprising 
from purely steric considerations. For, although it was 
possible to present this side of the molecule in a planar 
conformation to the catalyst, steric hindrance could arise 
between catalyst and substrate due to the hindering effect 
of the methoxyl group. If the unsaturated ether were 
adsorbed with the methoxyl group directed away from the
catalyst surface, the possibility of steric hindrance would 
be eliminated, yet this was the less favoured adsorption 
conformation. Clearly the methoxyl group exerted a 
powerful directive effect which was strong enough to 
overcome opposing steric considerations.
The hydrogenation of 2-cyclopentylideneeyolopentanol 
yielded 2% of the cis-isomer compared with 8% of cis-isomer 
obtained in the hydrogenation of its methyl ether. This 
increased percentage was attributed to the larger size of 
the methoxyl group, as a result of which competition arose 
between steric and non-steric factors*
S. Mitsui, T. Senda and H. Saito* Bull. Chem. Soc. 
Japan, 196 6 , 22* * reported their observations on the
stereoselectivity of the catalysts in the' hydrogenation 
of 2-cyclopentylidenecyclopentanol and 2 -benzylidene~l~
“tetralol.
r CHPh
benzylidene-l-tetralol
CH
'OHOH
Cis-2 -benzyl-l-tetralol Trans-2-benzyl-1-tetralol
Catalytic hydrogenation of 2-cycXopentylideneeyclOpentanol
PRODUCT %Catalys
:X, Raney Nickel
2 . 5% Falladium-charcoal 71
(contains a trace
of base)
3 . Platinum oxide 92
A = Trans--2-cyclopentylcyclopentanol 
B = Cis-2-cyclopentylcyciopentanol 
C c 2-Cyclopentylcyclopentanone 
D - 2-Cyclopentylcyclopentane
Catalytic hydrogenation of 2-benzylidene-l-tetralol in
Ethanol
Catalyst PRODUCT %
A B C
■1. Raney Nickel 78 19 3
2 . 5% Palladium-charcoal
h 33
63 4
B (contains a trace i
of base) *
3* Platinum oxide 58 34 8 i
A = Trams-2-benzyl-l-tetralol 
B - Cis-2-benzyl-1-tetralol 
C = Unidentified xoroduct
From these results they found, in the cases of 
Raney nickel and in ethanol the directive effect of the
hydroxyl group is very efficient but that it is small over 
Pd. In the case of the palladium catalyst they suggested 
that the adsorbed states where the hydroxyl group is 
directed away from the catalyst surface are assumed to 
increase in the course of the reaction. 2-Cyclopentyl-l- 
-cyclopenten-l-ol, the enol fora of cyclopentylcyclopentanone 
may be obtained by the same kind of iso merisation as was 
observed in the isomerisation of a double bond in the 
presence of hydrogen and catalyst with tri- and tetra- 
substituted olefins reported by J.B. Bream, D.C. Eaton, 
and H.B. Henbest, J., 1957, 1974.
Since it was reported that the hydrogenolysis of 
the optically active benzyl-type alcohols over the 
palladium catalyst proceeds with an inversion of the 
configuration, 2-cyclopestylidenecyclopentanol may also be 
hydrogenolysed with inversion to give cy clop enty1id ene- 
cyclopentane, which is then hydrogenated to cyclopentylcyclo- 
pentane. They argued from these considerations that the 
favoured adsorbed state on the palladium catalyst is the 
one in which the hydroxyl group is directed away from the 
catalyst surface especially on palladium charcoal.
Raneys Ni
“ Tfv — 7K ~ .
t I—''V — —* •—
Pd Charcoal
Since it had been reported that the hydrogenolysis 
of the C-0 bonds of benzyl-type alcohols and alkyl ethers 
takes different courses of reaction according to the kind 
of catalyst used, they suggested that the difference in the 
affinity of nickel and palladium for the oxygen atom controls 
not only the stereochemistry of the hydrogenolysis of 
benzyl-type alcohols, but also that of the hydrogenation of 
the double bond of allyl-type alcohols* Therefore,the
composition of the products is affected by the difference 
in this affinity with the kind of catalyst used.
In view of the fact that hydrogenolysis of benzylic 
alcohols takes place with retention of configuration over 
Raney nickel and inversion over palladium (Mitsui, S.,
Y. Senda, and K. Konno, Chem. and Ind. 1 9 6 3 , 1354; S.
Mitsui and Y. Kudo, ibid, 1 9 6 5, 381) T.J. Howard and
B. Morley, Chem. and Ind., 1 9 6 7, 73, examined the
stereoselectivity of a range of catalysts in the hydrogena­
tion of the allylic alcohols, 2-cyclopentylidenecyclopentanol 
and 2-isopropylidenecyclopentanol and the results of these 
hydrogenations were as follows:
Percentage trans isomer in hydrogenation produat:
Catalyst Ni Ni^B Ru/C Pt Rh/C Pd/C
PI
2-CyclopentylidenecyclopentanoI 98 9^ 90 87 82 75
2-Isopropyldenecyclopentanol 97 91 89 88 86 8 1
A
Hr - _ 4 52-Xsopropylidenecyclo- 
% pentanol Nj
H
'" • S i
C3V
I-r OH h "*
Cis-2-isopropylcyclo- Trans-2-isopropylcyclo-
pentanol pentanol
Their results showed ihht highly stereoselective 
hydrogenation occurred over Raney nickel with lowest 
stereoselectivity being observed over palladium. Xt wasf 
noteworthy that in all cases the trans-isomers predominated. 
This indicated that over all the catalysts adsorption of the 
aliylic alcohol takes place preferentially with the hydroxyl 
group directed towards the catalyst surface. The alternative 
adsorption conformation, in which the hydroxyl group is 
directed away from the catalyst surface is presumably less 
favoured.
Mitsui and Co-workers observed that hydrogenolysis 
of benzyl-type alcohols occurred with retention of configura­
tion over nickel and inversion over palladium* This they
ascribed to the directive effect of the hydroxyl group.
They suggested that over nickel adsorption takes place through 
the hydroxyl group while over palladium the hydroxyl group 
is directed away from the catalyst surface* On this basis 
hydrogenation of the allylic alcohols over palladium might 
be expected to give predominantly the cis- alcohols.
Although the increasing percentage of cis-isomer from nickel 
to palladium could indicate the decreasing affinity of the 
catalyst for adsorption through the hydroxyl group. T.J. 
Howard and B. Morley pointed out that the isomerising 
ability of the catalysts followed the. sequence Pd^Kh^Pt
stereoselectivity reflected the isomerising ability of the 
catalysts rather than a decreasing affinity of the catalysts 
for adsorption through the hydroxyl group. They suggested 
that in catalytic hydrogenation, unlike hydrogenolysis, 
the hydroxyl group exerts the same directive effect over 
all the catalysts adsorption taking place through the 
hydroxyl group.
It seemed likely therefore this face in
Purpose of the Work
In the preceding review it has been shown that 
the directive effect of the 6(3-OH is responsible for the 
stereoselective addition of hydrogen to the apparently 
more hindered j3~face of cholest-4-ene~3P, 6{3-diol to give 
exclusively 5p-cholestane-3P, 6j3-diol, and that the directive 
effect of a hydroxyl group results in stereoselective 
additions of hydrogen to unhindered olefinic double bonds in 
2-cyclopentylidenecyclopentanol, 2-isopropylidenecyclopentanol 
and 2 -benzylidene-l-tetralol.
From their results Mitsui and Co Workers concluded 
that in the case of Raney nickel the directive effect of the 
hydroxyl group was very efficient, but that it was small over 
Pd. They suggested that the difference in the affinity of 
nickel and palladium for the oxygen atom controls not only 
the stereochemistry of the hydrogenolysis of benzyl-type 
alcohols, but also that of the hydrogenation of the double 
bond of allyl-type alcohols.
However, T.J. Howard and B. Morley suggested that 
the stereoselectivity of these catalysts reflects the 
isomerising ability rather than a decreasing affinity of 
the catalysts for adsorption through the hydroxyl group*
It was therefore decided to examine the directive 
effect of the hydroxyl group on the stereochemistry of 
hydrogenation of five, six, and seven-membered cyclic allylic 
alcohols over a number of catalysts and to study the effect 
of the change in ring size and substituent groups.
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D I S C U S S I O N  O F  R £  £  U L T S
!
i
(
(
(
I
(
(
i
i
i
f
I
i
I
Ii
- 6 l  -
Hydrogenation of Cyclic Allylie Alcohols
2-Butylidenecyclopentanol.
Kilpatrick, Pitzer, and Spitzer, J. Amer, Chem. Soc., 
1947, 6 9 , 2483, pointed out on the basis of thermodyhamic 
and spectral data that the cyclopentane ring was non-planar, 
that neither one nor two carbon atoms were exclusively out 
of the plane of the others. Rather the puckering rotated 
around the ring (pseudo-rotation) in such a way that no 
single non-planar structure could be drawn to represent 
cyclopentane. They pointed out briefly that there were at 
least two non-planar forms which retained some symmetry, the 
C and the C0 forms. F.V. Brutcher, T. Roberts, S.J* Barr,£> Cm
and N. Pearson, J. Amer. Chem. Soc., 1959* SJL, 4915, defined
the C form, the cyclopentane envelope, as having a single s
carbon atom out of the plane of the other four while the 
Cg form, the cyclopentane half-chair, has three adjacent 
carbons in one plane and the other two adjacent carbons 
twisted so that one is as much above the plane as the other 
is below.
Calculations on cyclopentane derivatives containing
2sp hybridized atoms such as methylenecyclopentane and 
cyclopentanone by K.S. Pitzer and W.E. Donath, J. Amer* Chem. 
Soc., 1 9 5 9, 8>1 , 3 2 1 3 , suggest that such molecules exist in
the half-chair form with the maximum puckering occurring at
2carbon atoms 3 and 4 , i.e. away from the sp hybridized atom.
Measurements of infrared spectra ^nd dipole moments of 
2-halocyclopentanones indicate an angle of 77° between the C-X
- 62 —
and 0= 0 bond in good agreement with the calculated 7 8° for
the half-chair, but not with that calculated for the envelope
and Pearson, J. Amer, Chem, Soc,, 1959, j8lf -^915, and 
Brutcher, Jr,, and W. Bauer, ibid, 1 9 6 2, Sk, 2233)•
In the hydrogenation of 2-butylidenecyclopentanol 
over Raney nickel, a catalyst of low isomerising tendency 
(Augustine; Catalytic hydrogenation, 1 9 6 5, p#68, London: 
Edward Arnold (Publishers, Ltd.)), 96% trans 2-butylcyclo 
pentanol is obtained.
form (9k°) or the planar form (60°)(Brutcher, Roberts, Barr,
2-Buiylidenecyclopentanol
Cis-2-butyl-
cyclopentanol
Trans-2-butyl- 
cyclopentanol
From an examination of models of 2-butylidenecyclo— 
pentanol it is found that either side of the double bond 
can be presented in an equally planar conformation to the
- 63 -
catalyst. Thus steric factors cannot be responsible for 
this overwhelmingly one sided addition of hydrogen. The 
two possible adsorption conformations of the unsaturated 
alcohol are shown in Figs. A and B, in which the cyclopen­
tane has half-chair conformation.
\  , 
V 
\' 7  I
OH *f tH H
Fig. A Fig. B
These two adsorption conformations--differ only in 
that in one the -OH is directed away from the catalyst 
surface Fig. A, while in the other it is directed towards 
it, Fig* B. It is suggested that the latter is the 
preferred adsorption conformation, since in this case the 
molecule may be adsorbed by interaction of the lone pairs 
of the oxygen, as well as of the tt electrons of the double 
bond ifith the catalyst. If it is accepted that hydrogen 
adds cis- from the catalyst surface, then addition of 
hydrogen to this adsorption conformation will give the 
trans alcohol.
The alternative adsorption conformation, in which the 
hydroxyl group is directed away from the catalyst surface
and which would give the cis- alcohol on addition of hydrogen 
is presumably less favoured since adsorption can take place 
only through the double bond.
96% Trans-2-butylcyclopentanol is obtained 
experimentally confirming that it is the hydroxyl group, by 
controlling the adsorption of the unsaturated alcohol, which 
is responsible for the highly stereoselective hydrogenation.
Hydrogenation of 2-butylidenecyclopentanol was 
carried over a number of catalysts and the results are set 
out in tabular form below:-
Catalyst Conditions
95-70 atm., 16-18 
6hr.
D.K. Raney 
Nickel
73-42 atm., 27-28 
6hr.
2 |68-55 atm., 18-24 
■ 6hr.
• >J3 Raney Nickel^ 1 91
10
58-48 atm., 2 0 - 2 8  
6hr.
60-40 atm., 2 1 - 2 6  
6 hr.
31
32
10 atm 2hr
do
Pt/C do
do
12do
do
do
52do
6660Pd/C do
do
66
70
do
do
(See over for abbreviations)
Abbreviations:
Fig. A represents 2-butylcyclopentanone (% of total product). 
Figs. B and C represent the ratio of the cis- and trans-2- 
butylcyclopentanol respectively obtained in the hydrogenation 
of 2-butylidenecyclopentanol.
For relative response of A, B, and C, see ” Relative 
Response of Kefones and Alcohols (of argon ionization 
detector),” page 9 1 *
If can be seen that over palladium the main product 
is the dehydrogenation px'oduct and highly stereoselective 
reduction occurs over Raney nickel. Over stabilised 
B.D.H. Raney Hi catalyst, $6% trans-2-butylcyclopentanol 
is obtained, whereas over freshly prepared ¥3 Raney Ni,
91% trans 2-butylCyclopentanol is obtained. This is in 
line with the observation that a freshly prepared Raney Ni 
catalyst which has not been deactivated by the addition of 
acetic acid promotes double bond migration in addition to 
hydrogenation.- F.J. Villani, M.S. King, and D. Papa, J.
Org. Chem.f 1953, 18, 1573.
The stereoselectivity of the catalysts follows the 
sequence B.D.H. Raney Hi ¥ 3 Raney Ni^> N i ^  Ru/C^> Pt/C. 
Over Rh/C, the position is complicated by the formation of a 
small amount of • the dehydrogenation product. The results are 
in good agreement with the isomerising ability of the catalysts
Ni rather than ai
decreasing affinity of the catalysts for adsorption through
having the sequence Pt ^  Ru^> Ni
the hydroxyl group. (T.J. Howard and B. Morley, Chem and 
Ind., 1967, 73)* In cases of Ni, Ni2B $ jRu/C, W d  Sh/C 
the trans isomer predominates indicating adsorption of the 
allylic alcohol taking place preferentially with the hydroxyl 
group directed towards the catalyst surface.
2~Butylidene eye lohexanol
F. Johnson,and S.K. Malhotra, J. Amer. Chem. Soc.,
1 9 6 5, 8 7 5^9 2 , considered the aspect of the steric hindrance 
associated with substituted allylic groups in aliphatic and 
alicyclic systems.
They considered the conformers (la and lb) of I which 
contain the allylic system.
If one examines a model of la, it is apparent that 
the dihedral angle between CyR1 and the double bond ( )
^ p-a
is essentially zero. Thus in the ideal case the spatial 
arrangement of the grouping R»-C-C=C-R is planar. It can
Y P a
also be seen that even when R* and R are only moderate in 
size they will interfere with each other drastically, in fact 
more so than if they were 1,3 diaxially related in a 
cyclohexane ring.
Barring a facile rearrangement of the double bond,
relief of this strain can be attained most easily by
conformational inversion to Ib^ In the latter conformer
the strain present is that due to the interaction of R* with
two axial hydrogen atoms plus that due to the interaction of R
with C - equatorial hydrogen atom. The difference in
strain energies between la and lb will determine the
conformational composition of I. Thus if Rs=R*=CH^, to a
first approximation the strain energy difference between
la and lb would be S [1(1,3- diaxial CH^/CK^ interaction)-
3(1,3- diaxial CH^/H interaction)] ~ [3.7-(3x0.9 )]=1.0 Rcal/raole,
and 1 must therefore exist to the extent of 85% in
conformation lb. This type of interaction arising from
substituents on the 1 and 3 positions of an allylic system 
(13)they termed A ■ strain.
S.IC. Malhoira and F. Johnson (J. Amer. Chem. Soc.,
1 9 6 5, 87, 5%93) pointed out that in the conformers (la and 
lb) o f fcI, if R and R* are small, the equilibrium should lie 
to the left. If R and R 1 are medium or large in size it 
should lie to the right. Axiomatically, the extent of
conformation inversion from left to right in the ground state 
will depend on the free energy difference between the 
conformers.
Thus if RsH, and R*=OH, in the conformer Xa the 
strain present is that due to the interaction of equatorial 
OH and only whereas in the conformer lb the strain
present is that due to the interaction of OH with two axial 
hydrogen atoms (two 1,3 diaxial OH/H interactions). To 
a first approximation, it is more likely that X exists 
predominantly as conformer Xa, with the ring substituent 
equatorial.
It is of interest to note that Dart and Henbest,
J. i9 6 0 , 3 5 6 3 , suggested that in 2-benzylidenecyciohexanol 
the hydroxyl group is more likely to be in an equatorial or 
quasi-equatorial conformation (from the hydrogenation 
studies),
In the hydrogenation of 2-buiylidenecyclohexanol 
over Raney nickel 615-6 of the trans-2-butylcyclohexanol is 
obtained.
Cis~2~butyl-
cyclohexanol
Trans-2-butyl­
cyclohexanol
-  \jy
This, however, suggests that the hydroxyl group is
predoEiinantly in an axial position and is directed towards 
the catalyst surface (Fig. A) to give the trans product 
from this adsorption conformation; interaction occurring 
between the lone pairs of the oxygen as well as IT-electrons 
of the double bond with the catalyst.
H H 
Fig* A
However, the 2-butylidenecyclohexanol molecule 
exists largely in the conformation in which the hydroxyl
model of 2-butylidenecyclohexanol, with the OH group 
equatorial, the only1 conformation in which the double bond 
can be presented in a planar manner to the catalyst surface 
is that shown in Fig. B.
nPr
group is in an equatorial position. If one examines a
H H
Fig. B
In this conformation the OH is less favourably placed 
with respect to the surface for interaction to occur through 
the lone pairs of oxygen. Addition of hydrogen cis from 
the catalyst surface to the adsorption conformation (Fig. B) 
will give cis-2-butylcyclohexanol. In view of the fact that 
we get only 3 9%^of the cis alcohol, it is suggested that as 
the molecule approaches the catalyst surface, due to the 
directing effect of the OH group, a conformational change 
fakes place (Fig. C), one chair form flips into the other 
chair form (Fig. A).
nPrnPr
Fig. C H
H
r
H
Fig. A
Preferred adsorption con­
formation
This adsorption conformation in which the OH group 
is in an axial position is preferred, since adsorption 
can take place through the OH group and tc-electrons of the 
double bond. Thus as in the case of 2-butylidenecyclo­
pentanol, the'OH group has a directing effect.
Hydrogenation of 2-butylidenecyclohexanol was carried 
out over a number of catalysts and the results are set out 
in tabular, form.
Catalyst j .
:— . ...— --- ------- -
Conditions A ; B < C '
W3 Raney Nickel 1 :^ 60-55 atm., 13-21° 0 : 39 6l
; ; 6hr, : 1i
2 64-40 atm.,1 6-2 2°,! 0 39 61
6hr.
; Rh/C 1 1 ;\ 10 atm,, 2hr, ; l• ; 43• ' 57 ^
; 2 ; do , : i ! 44 56
;Ft/C ; 1 i
r
do , 0 : ■ 46 ; 54 :l
- 2 : do. : o 4? : 53 1;
- - . . . . .  - ... . . . . . .  ;•
;Ru/C 1 .s do. : o  i: 50 : 50 f
L 2 : do . 0 50 < 50
m 0B p-i ' - 1 ’! 9 0 - 5 0  atcU ,2 2-3 0°, ■ i 54 46
6 hr. I *
2 9 5 - 6 0 atm.,24-27°, 1■ i 53 ' 4 7
■ 6hr. ’
Pd/C 1 10 atm., 2 hr. 12 31 • 69
'
; 2 j do. *3 30 '; 7 0
.
Pd-black ■ 1 : do. 23 •' 37 63
' 2 ; do. 22 1 38 ! 62
Fig, A represents 2-butylcyclohexanone (% of total product). 
Figs, B and C represent the ratio of* the cis- and trans-2- 
butylcyclohexanol respectively obtained in the hydrogenation 
of 2-butylidenecyclohexanol.
For relative response of A, B, and C, see "Relative Response 
of Ketones and Alcohols (of argon ionization detector),"
page 9 1 .
It can be seen that over palladium there is an 
appreciable amount of dehydrogenatioh product and other 
catalysts give very little of the side product. Though 
various catalysts differ little in stereoselectivity, the 
stereoselectivity of the catalysts follows the sequence ¥ 3  
Raney nickel Rh/C^> Pt/C^> Ru/C Ni^B. The sequence 
is the reverse of that observed in the 2-isopropylidene- 
cyclopentanol, 2-cyclopentylidenecyclopentanol and 
2-butylidenecyclopentanol, except over Raney nickel.
2-Butylidenecycloheptanol
Cycloheptane has two types of conformations which 
might be called boat and chair by analogy with the six- 
member ed ring. Both of these conformations are flexible, 
similar to the boat form of cyclohexane.
Boat Cha ir
The chair form was predicted to be more stable 
than the boat, and a particular arrangement of the chair 
(referred to as the skew chair or twist chair) was 
considerably preferred over other alternatives.
In the most stable arrangement of cycloheptane
there are, conformationally speaking, four different types 
of carbon atoms. The two positions at C-l are equivalent, 
but C-2, C-3 , and C-^ show non-equivalent positions which 
might be referred to as axial and equatorial by analogy with 
the six-membered ring.
3a
4e
2e
%a 2a
3e
The geometry of cycloheptane
Thus there are seven kinds of positions, in contrast 
with two kinds found for cyclohexane. To complicate
matters further, the barrier to pseudo-rotation of the chair 
is only 2.l6 Kcal/mole. ' This means that, if the substituents 
on the seven-membered ring are unfavourably placed, the ring 
can easily pseudo-rotate to relieve this unfavourable 
interaction, and the exact rotational arrangement of a 
substituted ring is therefore quite difficult to specify 
without a detailed calculation.
The conformations of cycioheptanone have been 
mentioned in the literature (N.L. Allinger, J. Amer. Chem. 
Soc., 1959, Si, 5727, and C.G. Le Fevre, R.J.W. Le Fevre, 
and B.P. Ran, J., 1959, 23^0).
Starting from the known structure of minimum energy 
for cycloheptane, they speculated about where the most 
comfortable location for the ketone group would be. From 
models it seemed that it would be at either C-l, C-2, or 
C-7* The strain appears rather small for any of these 
possibilities (after small readjustments), and it does not 
seem possible to predict which conformation is the most 
favourable without a detailed calculation. In fact it seems 
likely that the compound will exist as a conformational 
mixture.
From a study of the cyanohydrin dissociation 
constants of the methyl substituted cycloheptanones 
O.H. Wheeler and E.G. de Rodriguez (J. Org. Chem., 1964,
2 9 , 7 1 8 ) concluded that the cycloheptanone ring exists in 
a flexible-chair conformation. In this conformation the 
reduction in non-bonded interactions is greatest if the 
keto group is placed as shown below:-
Twist-chair conformation of cycloheptanone
-  75 -
There would seem to be little difference in the 
energies of the twist chair and regular chair conformation 
for cycloheptanone.
From the foregoing it would seem likely that 
2-butylidenecycloheptanol exists in the flexible chair 
conformation in the ground state.
i
In the hydrogenation of 2-butylidenecycloheptanol 
over Raney nickel, a catalyst of low isomerising ability, 
7W<> trans-2-butylcycloheptanol is obtained.
cycloheptanol it is found that there are two possible 
adsorption conformations shown in Figs. A and B, having the 
flexible-chair conformation and minimum non-bonded interactions,
2-butylidene­
cycloheptanol
OH
(R = n-Ci;H9)
Cis-2-butylcyclo­
ll ept anal
Trans-2-butyleyelo 
heptanol
From an examination of models of 2-butylidene-
in which either side of the double bond can be presented in 
a planar conformation to the catalyst* In both conformations 
the OH can be equally favourably placed with respect to the 
surface for interaction to occur through the lone pairs of 
oxygen.
Fig. A
Y
f  \ a's-siI
nPr
H H
Fig. B
nPr.
'a
- , - V_. V 
''T /i'v'
H H
However, the two adsorption conformations in 
the regular chair form differ only in that in one the OH 
is quasi-axial (Fig, A) and there is a distance of 1*95 2 
between the C -H and C -OH, while in the other the OH is
a y
quasi-equatorial (Fig. B) and there is a distance of 1.45 &
betT*,reen the C -H and C -OH.a  y
However, the C -H and C -OH interactions in the * a Y
two conformations can be modified in the twist-chair 
conf ormat ion.
Since 7k% trans-2-butylcycloheptanol is obtained 
over Raney Ni, this suggests that the adsorption conformation
- 77 -
(Fig. A) is the more favourable, sinoe fay* addition of_ 
hydrogen cis from the catalyst surface this will give the 
trans alcohol. The alternative adsorption conformation 
(Fig. B) which would give the cis- alcohol on addition of 
hydrogen is presumably less favoured.
It seems difficult to predict precisely the 
factors responsible for the adsorption conformation (Fig. A) 
to be more favourable than the alternative adsorption 
conformation (Fig. B). The possibility that in the 
transition state the course of hydrogenation may be 
controlled primarily by the relative stability of the 
two isomeric products, cannot be ruled out.
Hydrogenation of 2-butylidenecyCloheptanol was 
carried out over a number of catalysts and the results are 
set out in tabular form,(see page 78 ),
The results show, as in the case of 2-butylidene- 
cyclopentanol; that over palladium the main product Is the 
dehydrogenation product and Kh also gives an appreciable 
amount of the dehydrogenation product. The stereo­
selectivity of the catalysts follows the sequence W3 Raney 
nickel \  Ru/C Pt/C ' or NigB. Pt/C and NigD seem to be 
equally stereoselective.
<
ConditionsCatalys
78-63 atm., 20-27 
6hr.
80-72 atm., 2 0 - 2 8  
6hr.
¥ 3 Raney Ni
p 1 | 45-35 atm., 19-20 ,
i I 6hr.
2 150-40 atm., 1 9-21°,I 6hr.
Ru/ C 552hr1 I 10 atm
do
Pt/C do.
do.
do
do
Pd/C do
“44do
Pd-black do.
do.
Fig. A represents 2-butylcycloheptanone {% of total product). 
Figs. B and C represent the ratio of the cis- and trans-2- 
butylcycloheptanol respectively obtained in the hydrogenation 
of 2-butylidenecycloheptanol.
For relative response of A, B, and C, see "Relative Response 
of Ketones and Alcohols (of argon ionization detector),11 
page 91*
2-Benzylidenecvclopentanol
In the hydrogenation of 2-bensylidenecyclopentanol 
over Raney nickel equal amounts of cis- and trans-2-benzyl* 
cyclopentanol are obtained*
ny n] h
I 2-Benzylidenecyclo- T
nentanol —
OH
p
C6k 5CH2 \
C6H CH -
Ir  OH H' ^>0K
Cis-2-benzylcyclopentanol Trans-2-benzylcyclopentanol
As in the case of 2-butylidenecyclopentanoX, it is 
presumed that 2-benzylidenecyclopentanol exists in a half­
chair conformation*
If one examines a model of 2-benzylidenecyclopentanol, 
if is apparent that there are two possible adsorption 
conformations of the unsaturated alcohol, in one the QH is 
directed towards the catalyst surface (Fig* A), while in 
the other it is directed away from it (Fig. B*)*
Since equal amounts of cis- and trans-2-benzyleyelo~ 
pentanol are obtained apparently -OH seems to have little 
effect if any. It appears that.the phenyl group, being 
a strong adsorbing group, suppresses the effect of the OH 
group to a very large extent. It is suggested that as the 
molecule approaches the catalyst surface, it is adsorbed on 
the catalyst surface through the tc-electrons of the double 
bond and the phenyl group with its face lying parallel to 
the surface from which hydrogen is abstracted, the -OH either 
directed away or towards the catalyst. The two possible 
adsorption conformations are equally favourable; the phenyl 
group controlling the adsorption.
Hydrogenation of 2-benzylidenecyclopentanol was 
carried out over a number of catalysts and the results are 
set out in tabular form. (See page 81).
! Catalyst 1 j Conditions j A \ B 3 c ■ d ;■}
i
B.D.H. Raney 
Ni
: 1 1
f .2 :
102-45 atm., 
20.5-37° 
6hr,
9 8 - 6 5 atm., 
13-28°
6hr.
0
0
1
0
'
0
1
47 |
5
. *
49
• *!
53
it
51
Pd/C 10 atm., 2hr. : 4 j o 58 42 i:
j L
Pd-black 10 atm., 2hr. 5 J ° 63 j 37 ;i
, Ni2B PI
i>
70 atm., 6hr. 0 0 64 i 36
Pd/C 98-lGOatm., ; 
6hr.
3 7 , 57 43
Ru/C
-
; 82^5 atm.,
6hr.
6 i 14 | 55 : 45
Pt/C j 10 &tm., 2hr. : 27
. 1 \ 1 
i 4 j 67 33
i' Rh/C j <10 atm.,
; more than 2hr.
; < 1 ; 93 67 33
Fig, A represents 2-benzylcyelopentane (% of total product). 
Fig, B represents a mixture of cis- and trans-2-hexahydrg- 
benzylcyclopentanol {% of total product).
Figs, C and D represent the ratio of the cis- and trans-2- 
benzylcyclopentanol respectively obtained in the hydrogenation 
of 2~benzylidene c yclopentanol.
For relative response of A, B, C, and D, see 1Relative
response of hydrocarbons and alcohols (of argon ionisation 
»
detector) page 9 1 *
It can be seen that over Rh, the main product is 
the 2-hexahydrobenzylcyclopentanol. This is in accord with 
the observation that rhodium is outstanding as a catalyst 
for the hydrogenation of aromatic compounds at atmospheric 
conditions (G. Gilman and G. Cohn, Adv. in Catalysis, 1957, 
733) and that this reaction is accompanied by only a 
small amount of hydrogenolytic cleavage of oxygen and 
nitrogen substituents (H.A. Smith and R.G. Thompson, Adv. 
in Catalysis, 1957, j), 727),
The results indicate the catalytic activity for 
hydrogenation of the benzene ring being, in the order 
Rh R u P t P d .  A. Aaano and G, Parravano, Adv. in 
Catalysis, 1957, 9., 7l6; already studied the catalytic 
activity of Ru, Rh, Pi and Pd catalysts supported on 
alumina for the vapour phase hydrogenations of benzene and 
the order was found to be Rh Ru ^ > P t P d ,  which gives 
support to our results.
Over Pt/C, the OH is cleaved to an appreciable 
extent, an observation in line with the extensive cleavage 
of the methoxyl groups in the presence- of Pt (H.A. Smith 
and R.G. Thompson, Adv. in Catalysis, 1957, j2, 727.
2-Benzylidenecyclohexanol
In the hydrogenation of 2-benzylidenecyclohexanol 
over Raney Ni, a catalyst of low isomerising ability, 5 6% 
of the cis-2-benzylcyclohexanol is obtained.
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CH,
OHOH
Cis-2-bensylcycXo- Trans-2-benzylcyclo-
hexanol hexanol
As in the case 2-butylidenecyclohexanol, 2-benzylid-ene- 
cyclohexanol exists Xargely in the conformation in which the 
hydroxyl group is in an equatorial position.
From an examination of models of 2-benzylidenecyclo­
hexanol , it is apparent that the only conformation in which 
the double bond can be presented in a planar manner to the 
surface, in which the OH is equatorial, is that shown in 
Fig. A. Addition of hydrogen cis from the catalyst surface 
to this adsorption conformation will give cis-2-benzylcyclo- 
hexanol.
~ 8^ -
Fig, A
To explain the formation of kh% of trans-2-bensyl- 
cyclohexanol, it is suggested that as the molecule approaches 
the catalyst surface from the alternative side for adsorption 
(Fig. B.), due to the directing effect of the phenyl group, a 
conformational change takes place;’ one chair form flips 
into the other chair form (Fig. C.).
The adsorption conformation (Fig. C.) in which the 
OH is in an axial position and which will give the trans­
alcohol by addition of hydrogen cis from the catalyst surface, 
can be presented in a planar manner to the surface. In this 
conformation interaction can occur through the 7U-electrons of 
the double bond and the phenyl group as well as lone pairs 
of the oxygen.
Thus, as in the case of 2-benzylidenecyclopentanol, 
it is the phenyl group which, by controlling the adsorption 
of the unsaturated alcohol, has a powerful directing effect.
Hydrogenation of 2-benzylidenecyclohexanol was carried 
out over a number of catalysts and the results are set out 
in tabular form (see page 86 ).
It can be seen that over Rh, the main product is the 
2-hexahydrobenzyleyelohexanol. This is in accord with
the observation that rhodium is outstanding as a catalyst 
for the hydrogenation of aromatic compounds at atmospheric 
conditions, G. Gilman and G. Cohn (Adv. Catalysis, 1957,
J2, 733) and that this reaction is accompanied by only a 
small amount of hydrogenolytic cleavage of oxygen and 
nitrogen substituents (H.A. Smith and R.G. Thompson,
Adv. Catalysis, 1957, 9, 727).
The results indicate the catalytic activity for 
hydrogenation of the benzene ring being in the order 
Rh^>Ru^>■ Pt Pd. A. Amano and G. Parravano (Adv. Catalysis, 
1 9 5 7 , .9., 716) already studied the catalytic activity of 
Ru, Rh, Pt and Pd catalysts supported on alumina for the 
vapour-phase hydrogenations of benzene and the order was 
found to be Rh Ru Pt Pd which supports our results.
Catalyst
tj Conditions • A ■ B j c  J
J .
d !;
B.D.H.Raney ■ 1 1 10 atm., 6hr. 0 A H 56 44 :•
Ni ' 1 100-94 atm., - 0 * 0 ; 56 J 44
21-33.5°, 6hr.1
1 2 102.5-70 atm., 1 [ 0 54 46
< 16-32°, 6hr.
1 !
Pd/C ' 1 ; 10 atm., 6hr.
1
; 2 ! 1 ] 59 : 41 v
2 10 atm., 6hr. I 1 1 ^ 59 4l
Pd-black* ; 1 : 10 atm., 2hr. f 2 0 j 58 42
NigB P-l 1 : 10 atm., 2hr. 0
i
0 | 59 4l
Pd/C 1 97.5-96 atm., 1 | 13 59 41 j
»■
6 hr. 11
. 2 100-99 atm., 2 13 59 41
V. 6hr. ;
Ru/C 1 10 atm.^ 2hr. 8 ■ 6 53 47 ^
Pt/C ' :; 1 :: 102-100 atm., 18 , 3 r 58 42.
6 hr. J
! :; 2 ■ 9 9 - 9 8 atm., ’ 17 <[ 2 57 43
6hr.
1 10 atm., 6hr. 13 ’ 2 55 *45
- i 2 10 atm., 6hr. 15 2 36 44
 ^ Rh/C ; 1 10 atm., 2hr. A H 62 49
: ; 
51
Fig. A represents 2-benzyleyelohexane (% of total product). 
Fig. B represents a mixture of cis- and trans 2-hexahydro- 
benzylcyclohexanol (% of total product).
Figs. C and D represent the ratio of the cis- and trans-2- 
bensylcyclohexanol respectively obtained in the hydrogenation 
of 2-benzylidenecyclohexanol.
For relative response of A, B, C, and D, see *Relative 
response of hydrocarbons and alcohols (of argon ionization 
detector)* page 9 1 .
Over Pt, the OH is cleaved to an appreciable extent
an observation in line with the extensive cleavage of* the 
methoxyl groups in the presence of* Pt (H.A. Smith and 
R.G. Thompson (Adv. Catalysis, 1957, 9., 727)#
2~Bengylidenecycloheptanol
In the hydrogenation of 2-benzylidenecycloheptanol 
over Raney Ni 6 9% trans-2-benzylcycloheptanol is obtained.
From an examination of models of 2-benzylidene- 
cycloheptanol, it is apparent that there are two possible 
adsorption conformations shown in Figs. A and B, having
interactions, in which either side of the double bond can
OH
2-Benzylidenecyclo-
heptanol A?
Cis-2-benzylcycIo
heptanol
Trans-2-benzylcyclo-
heptanol
the flexible chair conformation and minimum non-bonded
be presented in a planar conformation to the catalyst, In 
both conformations the phenyl group is lying with its face 
parallel to the surface, and the OH is equally favourably 
placed with respect to the surface for interaction to 
occur through the lone pairs of oxygen.
H H
Fig. A
EO
Pig. B
However, the two adsorption conformations in the 
regular chair-form differ only in that in one the OH is
quasi-axial (Fig. A) and there is a distance of 1.95 &
between the C -H and C -OH, while in the other the OK is 
a  y
quasi-equatorial (Fig. B) and there is a distance of 1.45
between the C -H and C -OH. (From an examination ofoc y
Dreiding models in the regular chair forms.)
However, the C -H and C -OH interactions in the 
* a  y
two conformations can be modified in the twist-chair 
c onformat i on.
Since 6$% trans-2-benzylcycloheptanol is obtained 
over Raney Ni, this suggests that the adsorption 
conformation (Fig. A) is the more favourable, since by
addition of hydrogen cis from the catalyst surface this will 
give the trans-alcohol. The alternative adsorption 
conformation (Fig. B) which would give the cis-alcohol is 
presumably less favoured.
For the reasons previously given, one might expect 
the adsorption conformation (Fig. A) to be slightly more 
favourable than the alternative adsorption conformation * 
(Fig. B). It is also likely that in the transition state the 
course of hydrogenation may be controlled primarily by the 
relative stability of the two isomeric products.
Hydrogenation of 2-benzylidenecycloheptanol was 
carried out over a number of catalysts and the results are 
set out in tabular form (see page 9 0)*
It can be seen that over Rh, the main product is 
the 2-hexahydrobenzylcycloheptanol (at 100 atm.). However, 
at 10 atm. pressure only a small amount of 2-hexahydro- 
benzylcycloheptanol Is obtained. Similarly ever Ru (at 
100 atm*) 2-heXahydrobenzylcycloheptanol is obtained as 
the major product. As in the case of 2-benzylidenecyclo- 
pentanol and 2-benzylidenecyclohexanol, the catalytic 
activity for hydrogenation of the benzene ring is in the
l
order R h ^  Ru ^ Pt^>- Pd., and over Pt, the OH is cleaved to 
an appreciable extent (at 100 atm.) and to some extent 
(at 10 atm.). NicB has some tendency to isomerise and 
has the highest isomerising ability (T.J. Howard and 
. Morley, Chem. and Ind., 19^7, 73).
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Catalyst j
j
Conditions A B G j  D
B*D.H. Raney 
- ' Ni
r
1
1 :
j
'■
2
10 atm. more 
than 6 hr.
100-55 atm., ■
14.5-28° ' 
6hr.
87.5-82.5 atm.
25.5-28.5°
6 hr .
1  0  !  
i 3 i
4
0 ]
; 0
0
31
36 : 
35
69
64
65
i
Pd/C ■ 1 ■; lOatm., 2hr. 2 0 55 | 45
.
'Pd-black
?
1 10 atm., 2hr. j 3 0 ' 53 | 47
NigB P-l 1 10 atm., 6hr. 1 1
1 6-2 1° j < 1 1i
41 \ 59 :
! ihi/C 1
I
1 0 0 - 9 9 atm., j 2
li-2 1° J
"•* 4ir. .  (
54 ; 4o  ; 60
; P t / c 1 : 
1
10 atm.,10-211 9
9hr. J
97.5-99 atm. ,  j xg 
-2 to + 10° J
6hr .  j
2
: 2
47
44
53\ '1
56
: i
j Kh/C 1  1
■ 2 
1 ;
10 atm. ,  2hr. 
10 atm. ,  6hr. 
98-90 atm. ,
0-7°
6hr.
1
< 1
1
i 8  
6
97
36  
3 6 
33
: 64 
64 ;
67
Fig, A represents 2-benzylcycloheptane (% of total product). 
Fig. B represents a mixture of cis- and trans 2-hexahydro- 
benzylcycloheptanol (% of total product).
Figs. C and D represent the ratio of the cis- and trans-2- 
benzylcycloheptanol respectively obtained in the hydrogenation 
of 2-bensyXidenecycloheptanol.
For relative response of A, B, C, and D, see *Relative 
response of hydrocarbons and alcohols (of argon innization 
detector)1 page 91 •
Relative Molar Response of Hydrocarbons, Ketones 
and Alcohols (of Argon-Ionization Detector)
The technique of gas-liquid chromatography with 
an argon ionisation detector for quantitative analysis of 
high molecular weight components was applied by C.C. Sweeley 
and Ta-C„L„ Chang, Anal. Chem., 1 9 6 1, 33., l8 6l, to elucidate 
the relation of structure to molar response. Little 
variation in molar response of high molecular weight 
components was found. The presence of most functional groups 
slightly lowered the response as compared to hydrocarbons. 
Ketones generally gave a slightly higher response than the 
corresponding alcohols.
Since the nature of the components obtained in the 
hydrogenation studies is very similar, no significant 
variation in molar response is expected.
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Structure of a, (3~Unsaturated Ketones
Examination of* a number of* ethylenic ketones in
which the configuration of the conjugated system is fixed 
reveals that the location of the C=C stretching frequency 
depends markedly on whether the conformation is transoid 
or cisoid. (E.A. Braude and C.J. Timmons, J., 1955, 3766*)
smaller than the transoid conformation. This difference 
is not unexpected, since the stronger dipole interaction in 
the cisoid-system (A) than in the transoid-system (B) should 
result in an additional decrease in the force constant of the 
stretching vibration.
stretching frequencies are, however, consistently greater 
for s-cisoid than s~transoid derivatives (E.A. Braude and 
C.J. Timmons, J., 1955, 3766).
It has been shown that the ratio of the integrated 
band intensities of the C=0 and C=C stretching vibrations
For cisoid conformation is considerably
0 0
The differences between the ethylenic and carbonyl
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gives the most certain indication of the geometry of the 
chromophore, being low in cisoid and high in transoid systems. 
(R.L. Srskine and E.S. Waight, J., i9 6 0 , 3425.)
A. Hassner and T.C. Mead, Tetrahedron, 19&4, 20» 2201, 
showed that infrared spectra may be used not only to distinguish 
between cisoid 2-benzalcyclohexanones, e#g. (a) and 
transoid 2-benzylcyClohexenones, e.g. (b),but also between 
isomeric cisoid bexizalcyclohe&anones, e.g* (a) and (c).
Typical characteristic curves are as follows:-
\r
.7 700 1600 (cm,”l)
(a).
1 7 0 0 iSbO ( cmT~1) 
(b)
C^CgH
l?00lT6C0 (cm
(c)
- 1.17C0 1600 (cm. ) R =
or n-Bu
(A)
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The ratio of absorbance of the C=C band versus 
absorbance of the C=0 band is characteristically different 
for cis- and trans-2-benzalcycloalkanones*
Numerical data for ultraviolet and infrared spectra 
of ot ,{3-unsaturated ketones are given in tabular form 
(see page 95).
The infrared spectra of all the (X,{3-unsaturated 
ketones have characteristic absorption bands attributable 
to C=0 and C=C stretching vibrations which are of nearly 
equal peak height, proving them to be rigidly cisoid 
systems (A).
The n.m.r. spectra of the benzylidene cyclic ketones 
are also significant. The vinyl proton being cis to the 
carbonyl, is deshielded due to the Tr-electron current of 
the carbonyl group and is buried in the 2.5-2.9 T region 
of the aromatic protons. (A. Hassner and T.C. Mead, 
Tetrahedron, 19^4, j20, 220k)
- 95 -
Infrared and Ultraviolet Spectra of oc,3-unsaturated
Ketones
a, B-unsattirated (in EtOH) ’ 1 max
1 Ketone 1 (mp.)
^C=0 
(cm. ■*■)
.
•^c=c
-lv: (cm. )i'
,
A
(cra.~1)■
' trans-2-benzylidene- 
eyelopentanone 
(vinyl proton in the
2.5-2.9 ^ region of 
the aromatic protons)
2 2 6 ,2 3 1 , 2 9 8 1702 
(s) j
a
1 6 2 0 ■ 
(s)
82
t ; !
trans-2-benzylidene- 
cyc1ohexanone 
(vinyl proton in the 
2.6-2.8 T region of 
'the aromatic protons)
2 2 1 .5 , 2 8 9 1678
(s)
1598a
(s)
80 if
‘ '
trans-2-benzylidene-
cycloheptanone 
(vinyl proton in the 
•2 .5-2 . 8 5  ^ Region of 
the aromatic protons)
: 223,283 ; 1674 
(s)
1 6 0 2s
(s)
72 i;
. r 
1
i ^
trans-2-butylidene- 
cyclopentanone
245 1715
(s)
1 6 5 0
(s)
65 |
trans-2-butylidene- 
cyclohexanone
; 247 1 6 8 0
(s)
1 61 5
(s) 65 1
, trans-2-bufylidene-
cycloheptanone 
----- ------. . . . . . . .............. . . . .  .  .
242 167 5
(s)
1610
(s)
65 j
a s in CCl^ Solution.
Reduction of 2-Substituted Saturated Ketones
The cis-trans isomer ratios of the alcohols obtained 
by the reduction of saturated ketones by LiAlH^ and Raney 
Nickel (B.B.H,),are as follows:
Reduction of 2-butylcyclopentanone
Cis-2-butylcyclopent anol Trans-2-butylcyclopentanol
t r  ti -n ■> i ttj
; LiAlH4
; i 
1 Raney Ni '■
21
60
79  ^
k o
Reduction of 2-butylcyclohexanone
—i i.
Cis-2-butylcyclohexanol
\ \ 
| Trans-2-butylcyclohexanol;
LiAlH^ 37 ; 63
: Raney Ni 63 37
..-____■ ____________ ___,..,J
Reduction of 2-butylcycloheptanone
Cis-2-butylcycloheptanolj Trans-2-butylcyc loheptanol]
: LiAl% 66 | 34 1
Reduction of 2-benzylcyclohexanone
Cis-2-benzyl eye lohexanol ■ Trans-2-bensylcyclohexanol
;;
;; LiAlH^
.-. •
.
30- 70 |
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The results obtained by the reduction of 2-butyl- 
cyclopentanone, 2-butylcyclohexanone and 2 -butylcycloheptanone 
have a similar trend as has been observed by the reduction 
of 2-methylcyclopentanone, 2-methylcyclohexanone and 
2-iiiethylcycXoheptanone by LiAlH^ (H.C. Brown and V. Varoa 
J. Amer. Chem. Soc., 1 9 6 6, 8 8 % 2871).
The reduction of 2-butylcyclopentanone and 2-butyl­
cyc lohexanone by LiAlH^, appears to involve the attack of 
the reagent from the side of the butyl group; apparently 
the more hindered direction, to yield predominantly the 
more stable of the two possible alcohols (trans) (W. G. Dauben, 
G.J„ Fonken, and D.S, Noyce, J. Amer* Chera. Soc., 195&, 78, 
2579 a^rid J.C. Richer, J. Grg. Chem., 1 9 6 5, 324). In
these cases the steric factor in the transition state will 
be relatively small and the course of the reduction will be 
controlled primarily by the stability of the product.
However, in the case of 2-butylcycloheptanone (which 
yields the cis alcohol preferentially), reduction by 
lithium aluminium hydride is not consistent (W. Huckel 
and J. Wachter, Ann. 1964, 672, 62).
To account for the formation of 6 0% cis-2-butylcyclo- 
pentanol from the reduction of 2 -butylcyclopentanone over 
Raney Ni, it is suggested that steric interaction between 
the substituent and the atoms of the cycle combined with 
the requirements of a precise orientation of the carbonyl 
group on the catalyst, directs the attack of hydrogen on the 
carbonyl group from the side away from the butyl group.
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The formation of 6 3% cis-2-butylcyclohexanol from the 
reduction of 2-butylcyclohexanone over Raney Ni, is assumed to 
be a consequence of the ketone being adsorbed onto the 
catalyst in a conformation which minimizes the non-bonded 
interactions between the surface and the cycle, while the 
butyl group tends to be equatorial. Addition of hydrogen 
from the direction of the catalyst will lead to the formation 
of a hydrogen-carbon bond (equatorial), i.e. trans to the 
butyl group and consequently a cis arrangement of butyl and 
hydroxyl groups (S. Siegel, J. Amer. Chem. Soc., 1953, 75« 
1317).
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Nuclear Magnetic Resonance Spectra of Alcohols in Dimethyl-
sulfoxide
Nuclear magnetic resonance spectra of alcohols are 
known to show spin-spin coupling between hydroxyl and 
carbinol protons, provided there is an extremely low 
concentration of acids or bases which catalyze 0-H proton 
exchange. It is generally more difficult to observe this 
coupling in non-polar solvents than in polar ones which 
can donate an electron pair to the hydroxyl group. It is 
reasonable to presume that hydrogen bond formation increases 
the 0-H proton lifetime on a single molecule sufficiently 
to permit splitting of its resonance signal to be observed. 
Dimethylsulfoxide has been found to be an excellent solvent 
for the facile observation of H-C-O-H splitting (C.P. Rader, 
J. Amer. Chem. Soc., 1 9 6 6 , 8S, 1713)* In dilute DMSO the 
OH pro-ton resonance occurs in the T 5*5-6.3 region, a 
portion of the spectrum relatively free from peaks due to 
other protons. Hydroxyl proton chemical shifts are known 
to be very sensitive to both temperature and concentration, 
due to the critical effect of hydrogen bond formation upon 
cheEiical shift.
For a series of sets of epimeric alcohols n.m.r. 
spectra of the OH proton were obtained in the dilute 
concentration region in which the chemical shift had been 
established as invariant and are set out in tabular form 
(see page 1 0 0 ).
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Cis Configuration :Trans Configuration
Chemical I Coupling 
shift 1 shift 
T 1 J(c/s)
Chemical
shift
%
Coupling
shift
J(c/s)
jB-Benzyl- 
cyclopentanol <
5.74
-
3.6
-•
5 . 5 4 4.8
2-Hexahydro-
henzylcyclo-
pentanol
5.95
r
: 3.6
t
5 . 6 7
CO•Cf4
2-Benzyleyelo­
ll exanol
.5 . 8 1  I 3.6 i 5 . 5 0 6.6
2-Hexahydro- 
Tbensylcyclo- 
hexanol
5.99 j 3.0 | 5.74 ;! '1.8I •
2-Benzyl- 
cycloheptanol
5.76 4 . 8 : 5 . 5 1  :\ 4.8
2-Hexahydro- 
benzylcyclo­
heptanol
5.98 4 . 8
-
5.84
(
4.8
2-Butylcyclo-
pentanol
5.945 r 4.2 5.645 5.4
2-Butyleyclo-
hexanol
5.96 4.8 5.73 6.0
2-Butyleyelo- 
lieptanol
5.96 4 . 8 5.81
CO•
2-Cyclopentyl-
cyclopentanol
6.015 j 5 . 7 4 5  | 5 . 4
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The expected doublet was always obtained (in the case 
of cis-2-cyclopentylcyclopentanol the doublet was not 
discernible), since the hydroxyl and carbinol proton 
resonances were sufficiently separated that simple first- 
order coupling rules could be applied to obtain both 
chemical shift (T) and coupling constant (J)*
The observed values give the clear correlation 
that in every epimeric set the cis OH proton is found at 
significantly higher field (0.14-0.31) than its trans 
counterpart. The coupling constant data also lend themselves 
to ready correlation with conformation. In each set of 
epimers of the five-membered systems the trans alcohol 
coupling constant is 1.2 cps greater than that of its 
cis epliner* In each set of epimers of the six-membered 
systems the equatorial alcohol coupling constant is 1.2-3.0 cps 
greater than that of its axial epimer.
The difference between the hydroxyl-carbinol 
coupling constants for epimeric cyclohexanols may be under­
stood from a consideration of the isomers resulting from 
rotation about the C-0 bond. The OH may be staggered 
either between the two C-C bonds (a) or between the C-H bond 
and a C-C one (b and c).
(a) (b) (c)
anti gauche gauche
Assuming H-C-O-H coupling constants to vary with, 
dihedral angle in a manner similar to that for K-C-C-H 
systems, C.P. Rader, J. Amer. Chem. Soc ., 1 9 6 6, 8 8 , 1713) 
was led to the conclusion that an equatorial alcohol should 
have a larger J than its axial apiraer, due to the 
contribution of the anti-conformer (a) to the former.
The difference between the hydroxyl-carbinol 
coupling constants for epimeric cyclopentanols may be 
attributed similarly to the contribution of the anti- 
conformer to the trans alcohol and consequently the trans 
alcohol has a larger J than its cis epimer.
However, no difference is observed between the 
hydroxyl-carbinol coupling constants for epimeric 
cycloheptanols. This is likely due to the seven-membered 
systems being conformationally more mobile.
The chemical-shift difference between the epimeric 
alcohols may be related to solute-solvent hydrogen bonding. 
Solute-solute hydrogen bonds may be neglected due to the 
invariance of the chemical shift with concentration in the 
region of interest. Hydrogen bonding is known to influence 
profoundly the chemical shift of a participating proton. 
Qualitatively at least, the proton resonance is shifted to 
lower field as the strength of the bond increases (C.P. 
Rader, J. Amer. Chera. Soc., 1 9 6 6, 8 8 * 1713).
It is logical to presume that the relative 
strength of the cis and trans 0-H-—  solvent hydrogen 
bonds will be determined primarily by steric effects, since
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polar contributions to the bond strengths should be nearly 
the same. Therefore one could predict that with a given 
electron donor the trans alcohol forms a stronger hydrogen 
bond than its epimer, due to its greater steric accessibility. 
Relative glc retention data of epimeric five, six and seven- 
membered ring alcohols on polar substrates with which the 
hydroxyl hydrogen can bond support this conclusion. One 
might conclude that a hydrogen bonded trans hydroxyl proton 
should resonate at significantly lower field that its 
cis counterpart. All of the above chemical shift data 
clearly agree with this.
One might.expect the.chemical shift difference for 
•the epimeric .cycloheptanols to-be‘less than for five, or six-* 
membered epimers, because of the conformational flexibility 
of seven-membered epimers and consequently the cis alcohol 
will be only slightly stericaliy less accessible for 
hydrogen-bond formation.
This is indeed observed in the cases of 2-butyl- 
cycloheptanol and 2-hexahy&roben*ylcycloheptanol (the difference 
is only 0.15 and 0.14 respectively).
The n.m.r. spectra of 2-alkylcycloheptanols allow a 
clear distinction between cis- and trans- configurations to 
be made (A. Zschunke and F.-Ji Struber and R; Borsdorf, 
Tetrahedron, 1 9 6 8, 2^4, 4403).
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1.1.
Preparation of 2-Bromocyclopentanone
2-Bromocyclopentanone was prepared by broraination 
of cyclopentanone according to the method of F.R. Ramirez 
and R.J. Bellet, J. Amer. Chem. Soc., 1954, 7(5, 491.
A solution of bromine (122 g.) in chloroform 
(250 eiI.) was added dropwise over a period of 2.5 hrs. to 
a stirred solution of cyclopentanone (64 g.) in chloroform 
(750 ml.), kept protected from moisture at 4-7°. The 
solution was stirred for 2 hrs., washed with cold water and 
NaHCO^ solution (10%) and dried over MgSOj^. Removal of 
the solvent under reduced pressure and at ca 30° left a 
slightly yellowish oil (150 g.) Distillation in an 
atmosphere of nitrogen gave 2-bromocyclo£>entanone (50 g.) 
as colourless liquid b.p. 56-58° (1.5 m.m.) n^*? 1.5110 
which was utilised without delay (F.R. Ramirez and R.J. ' 
Bellet, loc. cit. report b.p. 60° (2 m.m.)  ^ 1.5114.
Preparation of 2-Butylidenecyclopentanone
2-Butylidenecyclopentanone was prepared by 
Reformatsky reaction of 2-bromocyclopentanone and n-butyral- 
dehyde according to the method of V.A. Barkhash, 6. P. Smirnova, 
A.T. Prudchenko, and X.V. Machinskaya, J. Gen. Chem.
U.S.S.R., 1963, 33., 2146.
In a three-necked flask were placed zinc wool 
(22.2 g.5 0.34 at.), several crystals of iodine, mercuric
bromide (0.44 g.) and a small amount of a solution of
2-bromocyclopentanone (46.18 g.; 0.28 mole) and
n-butyraldehyde (30.6 g.; 0.42 mole) in anhydrous benzene
(75 ml.). Reaction began spontaneously and was regulated 
by dropwise addition of the mixture. After the end of 
addition the reaction mixture was boiled for 30 minutes, 
with vigorous stirring, cooled and decomposed with hydrochloric 
acid (2% by vol.); the ppt. which came down was separated, 
washed with ether, the water layer was separated and 
repeatedly extracted with ether (6 x 50 ml.). The combined 
ether extracts were washed with NaHCO^ soln. and with water, 
dried with IlgSO^ and the solution was distilled under 
reduced pressure. By fractionation under reduced pressure 
were obtained the following fractions;- 
Fraction 1 : b.p. 40-52°/0.5 to l.Oaan^'^ 1.4675
Fraction 2 : b.p. 56-70°/Q.5 *° 3**° mm. 1.4675
Fraction 3 : b.p. 70-80°/0.5 to 1.0 mm. n^5*5 1.4700
Fraction 4 : b.p. 98-100°/0.5 to 0.6 mm. n^5,51.4800
Fraction 5 • High boiling residues.
Gas-liquid chromatographic examination of fractions 
1,2, and 3 showed there to be mainly one component present 
with small amounts of low boiling impurities. Fraction 
4 consisted mainly of 2-cyclopentylidenecyclopentanone by 
comparison of its retention time with an authentic sample.
The seaiicarbazone of the ketone recrystallised 
from 50% alcohol had m.p. 191-192° (V.A. Barkhash, G.P. Smirnova, 
A.T. Prudchenko and I.V. Machinskaya,loc* cit. report 
m.p. 1 8 9-1 8 9 .5°).
Purification of the ketone was achieved by the 
following (alternative) methods
1. Semicarbazone exchange with pyruvic acid.
The ketone was purified through its semicarbazone by
decomposing the semicarbazone with pyruvic acid {50%) in 
acetic acid solution according to the method of E.B. 
Kershberg, J. Org. Chem*, 1948, 3^, 54-2.
A suspension of the semicarbazone (m.p. 191-92°; 
1*0 g.) in acetic acid (15 ml.), water (15 ml.), pyruvic 
acid (0.78 g* » 50%) and sodium acetate (0.37 g*) was refluxed 
for 1 hr. until solution was complete. Then water (20 ml.) 
was added and after cooling the solution was extracted with 
ether (4 x 30 ml.). The ethereal soln. was washed with 
dil HaHCO- soln., Ho0 and saturated NaCl soln. and dried 
over anhydrous IC^ CQ^ . After removal, of the solvent the 
residue (200 mg.) was examined by glc on different columns. 
It consisted mainly of one component with a very small 
amount of a low boiling impurity.
2. Chromatographic method. The ketone was 
purified by preparative glc on neopentylglycoladipate 
column. Examination of the product by glc showed there 
to be only one component present.
2-Cyclopentylidenecyclopentanone was also
recovered.
3. Fractional distillation. By fractionation 
of combined fractions 1,2 and 3 under reduced pressure in 
an atmosphere of N2 on a water-bath, a reasonably pure 
sample was obtained along with traces of low boiling 
impurities.
o '
2-Butylidenecyclopentanone has b.p. 48-50/0.5 Jam# 
1.4675 and darkens slowly on standing in the air.
It was stored in a refrigerator in an atmosphere of N^.
X 245 mu, (in ethanol) (V.A. Barkhash et al. loc. cit max*
report 245 mji) ^ (cra,- )^ , l650(s) , 1715(s), V.A. Barkhashmax «
et al* loc. cit* report 1655 (m), l670(m), 1735(s). Its 
n.m*r* (in CCl^) T 3*4-3.82 (olefinic proton) and 'C 7*2-9*24 
(total No* of alicyclic and aliphatic protons 13)*
Preparation of 2-Butylcyclopentanone
2-Butylidenecyclopentanone (1*0 g*) was hydrogenated
over palladium on charcoal (0.2 g.) in $6% ethanol (50 ml*),
the hydrogenation being carried at ca* 10 atm. and room
temperature for 0.5 hr.
The hydrogenated material was filtered to remove
palladium and charcoal, the ethanol removed on a steam-bath
and the residue examined by gas-liquid chromatography*
2-Butylcyclopentanone was obtained as a single component.
Its semicarbazone had m.p. 185-86° on recrystallisation from
50% alcohol (V.A. Barkhash, G.P. Smirnova, A.T. Prudchenko,
and X.V. Machinskaya, J. Gen. Chem* U.S.S.R., 1963* 33*
2146 report 186.5-187°)•
■i (cm.-1) 730(w), 830(m), 930(rr.), 1000(w) ,Tmax.
1085(w), 1155(s), 1270(m), 1325(w), 1380(m), I4l0(ra),
1470(m),. 1735(a), ■ 2900(b), 2980(s), 3520(w ).
Lithium aluminium hydride reduction of 2-Butylcyclopentanone 
A suspension of powdered lithium aluminium hydride 
(250 mg.) in dry ether (100 ml.) was added to a stirred
solution of 2-butylcyclopentanone (5-0 g. ) in dry ether 
(25 ml.) during ca. 0.5 hr. Stirring was continued for 
15 minutes after completion of the addition. The product 
was decomposed with dil* H^SO^ (50 ml.,3N), washed with 
water* saturated NaCl solution and dried over anhydrous 
ICgCO^ . The solvent was removed after filtration and the 
residue examined by gas-liquid chromatography on carbowax 
column. It consisted of a mixture of cis and trans-2- 
-butylcyclopentanol in the ratio 21:79 respectively.
Stabilised Rahey nickel (B.D.H.) reduction of 2-Butylcyclo- 
pentanone.
2-Butylcyclopentanone (100 mg.) was hydrogenated 
over Raney nickel (100 mg.) in ethanol (25 ml.) at a 
maximum pressure of 137.5 atm. and a max. temp, of 124° for 
6 hr. The hydrogenated material was filtered to remove 
Raney Ni and the ethanol removed on a steam-bath* Product 
composition was determined by gas-liquid chromatography on 
carbowax column. It consisted of a mixture of cis- and 
trans-2-butylcyclopentanol in the ratio 60:40 respectively.
Preparation of 2«» Butyl ide necyclopentanol.
2-Butylidenecyclopentanone (25 g*) in dry ether 
(250 ml.) was stirred vigorously and a suspension of lithium 
aluminium hydride (1.75 g.) in dry ether (200 ml.) added 
gradually at room temperature over a period of 2 hr. The 
mixture was stirred for 0*5 hr. after completion of the
addition. The product was decomposed with dil. H^SO^
(300 ml.,3N)t the water layer extracted with ether, washed
successively with water, and saturated NaCl solution; and
dried over anhydrous K^CO^. The solvent was removed after
filtration and the residue (24 g.) was examined by gas-
liquid chromatography on neopentylglycoladipate column*
It consisted mainly of one component. The residue was
distilled under reduced pressure in an atmosphere of Ng
and three fractions were collected.
Fraction 1 : (4 ml.) b.p. 64-66° (2 mm*)n^ 1.4715*
Fraction 2 : (12 ml.) b.p. 64-66° (2 mm. )n^5 1.4740.
o 25Fraction 3 : (4 ml.) b.p. 64-66 ( 2 mm.)Hq 1.4750*
These were examined by glc on xteopentylglycoladi- 
pate column. It showed mainly one component and small 
amounts of the 2-butylidenecyclopentanone { ^ 1%) and 
traces of low boiling impurities.
Attempted purification of 2-butylidenecyclopentanol 
by preparative glc.. on neopentylglycoladipate column:
On examination of the component which originally 
gave a single peak on all columns tried including carbowax, 
changed into two major components during preparative 
gas-liquid chromatography on neopentylglycoladipate 
column. It is believed to be an exo to endo shift of 
the double bond.
Final purification of the 2-butylidenecyclo- 
pentanol was achieved by column chromatography. The 
unsaturated alcohol (0.5 ml.) was chromatographed on a
neutral alumina column (100 g.) and eluted with 9*1 hexane/ 
methyl acetate mixture. The presence of the unsaturated 
alcohol in the various fractions collected was detected, 
after applying spots to a silica-gel plate, using anisalde- 
hyde-sulphuric acid colour reagent (Thin Layer Chromatography 
E. Stahl, p. 485)*
The fractions containing the pure 2-butylidene- 
cyclopentanol were combined and the solvent removed under 
very mild conditions. Thus was obtained a pure sample 
of 2-butylidenecyclopentanol (free from any impurities) 
which was characterised as follows:-
(Found: C, 74.67; H, 11.22. requires C, 77.14;
H, 11.439b)
Mass spectrum: Molecular ion peak at 140 (the
expected molecular weight was 140) infrared spectrum:
^ (cn._;L),730{w), 775(w), 840(e), 900(s), 940(s),nicix*
980(s), 1030(s), 1090(s), 1135(m), l l 6 o ( m ) ,  1235(w),
1260(w), 1290(w), 1320(m), 1380(m), l400(w), 1435(b*), 
l460(s), l666(w), 2880(s), 2960(s), 3^ 00(s) n.m.r. (in CCl^)
T 4.3-4.8 (olefinic proton), T 5.6-5.9 (proton adjacent to 
0H),T 6.8-7.2 (hydroxyl proton),T 7*2-9.3 (aliphatic and 
alicyclic protons).
Its 3:5 dinitrobenzoate recrystallised from 
ethanol had m.p. 56-57° (Found: C, 57.66; H, 5.58; .
N, 8.48. C.gH^gNgOg requires C, 57.48; H, 5.39; N, 8.38%). 
Mass spectrum of its 3:5 dinitrobenzoate had molecular ion 
peak at 334 (the expected molecular wt.).
Catalytic hydrogenation of 2-Butylidenecyclopentanol.
2-Butylidenecyclopentanol was hydrogenated over 
various catalysts at 10 atm. pressure and room temperature 
for 2 hr. (except Raney nickel and nickel boride catalysts 
for which higher pressures and longer times were employed). 
Three components were obtained with all the catalysts 
(except nickel boride in which case only the cis- and trans- 
-2-butylcyclopentanol were obtained). They were separated 
by preparative glc on carbowax column and characterised- as 
follows:
First component was shown to be 2-butylcyclopentanone 
by comparison of its retention time with an authentic sample 
on different columns.
Second component was shown to be cis-2-butylcyclo- 
pentanol as follows:
(Found: C, 75.92; H, 12.82. C^H^O requires C, 76.05;
H, 12.67%).
Mass spectrum: Molecular ion peak at 125
(the expected molecular wt. is 142, the observed peak 
corresponds to mol. wt. less -OH). Infrared spectrum:
^ (cm."1), 730(m), 780(w), 860(m), 895(a), S00(m),
925(m), 990(s), 1005(m), 1030(s), 1075(w), 1105(w), 1135(m), 
Il60(m), 1200(w), 1240(w), 1300(ra), 1325(w), 1380(m), 
l4l0(w), l465(s), 288o(s), 296o(s), 3420(s).
N.ra.r. (in dimethylsulfoJxide) : The hydroxyl
proton chemical shift, T at 5.945, and coupling constant 
J/(c/s) of 4.2 (the hydroxyl proton is split into a doublet 
but the peak at, T 5.98 is very intense with respect to
the other peak at, T 5*91)*
Its 3:5 dinitrobenzoate was obtained as colourless 
needles m.p. 69-70° on recrystallisation from ethanol 
(Found: C, 57.27; H, 6.14; N, 8.53. c i6H20N2°6 re<luires
C, 57.14; H, 5.95; N, 8.33%).
Mass spectrum of its 3:5 dinitrobenzoate: Molecular 
ion peak at 337, the expected molecular wt. being 336, 
possibly due to the transfer of one proton .
Third component was shown to be trans-2-butyl- 
cyclopentanol as follows:
(Found: C, 76.22; H, 12.59; ^9^18® requires C, 76.05;
H, 12.67%).
Mass spectrum: Molecular ion peak at 125 (the
expected molecular wt. is 142, the observed peak corresponds
\ — 1
to mol. wt. less -OH). Infrared spectrum: X (cm,” ),' max.
725(m), 780(w), 820(w), 850(w), 890(w), 910(w), 965(m),
980(w), 1000(w), 1020(m), 1070(s), ll60(m), 1200(w), 1300(e), 
1340(e), 1375(m), l450(s), l460(s), 2880(s), 294o(s), 3400(s).
N.m.r. (in dimethylsulfoxide): The hydroxyl proton
chemical shift, T at 5*645 and coupling constant J(c/s) of 
5.4.
Its 3:5 dinitrobenzoate (recrystallised from 
ethanol) had two m.p*s. of 34-35° and 45-46° (explained 
as having two distinct crystalline forms)(Found: C, 57*31$
H, 6.01; N, 8.31. Ci6H20N2°6 reclu:Lres C» 57.14; H, 5.95;
N, 8.33%).
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Preparation of 1-Cyclohexylacetate
1-Cyclohexylacetate was prepared according to the 
procedure of I.V. Machinskaya and V.A. Barkhash, ZhOKh,
1956, 26-* 848*
Cyc Xohexanone (100 g. ) was kept with acetic anhydride 
(3X2 g.) and suXphuric acid (0.76 mi.) for 9 days. The 
soiution turned dark brown on standing. This was treated 
with cold wafer and sodium carbonate solution, and extracted 
with ether (4 s 150 ml.). The ethereal extract was washed 
with coid water, saturated sodium chioride soiution and 
dried over anhydrous sodium sulphate. The soivent was 
removed after filtration and the residue disiiiled under 
reduced pressure. X-Cyclohexylacetate (100 g.) was obtained 
as a colourless liquid b.p. 32-34° (1 mm.) 1.4540
(I.V. Machinskaya and V.A. Barkhash, loc. cit. report
670 (w), 710 (w), 765 (w), 735 (w), 805 fa),840 (w), 865 (w), 
910 (s), 930 (w), 1015 M ,  1040 (w), 1075 0*), 1120 (s), 
1215 (S), 1 2 6 0 (w), 1 2 8 5 (w), 1305 1360 (^), 1440 (m),
1675 (m), 1700 (m), 1740 (3), 2840 (.»), 2920 (s).
1-cycI0I1 exylacetate with N-bromosuccinimide in CCX^, 
according to the procedure of I.V. Machinskaya and 
V.A. Barkhash; ZhOICh, 1936, 2(5, 848.
1-Cyclohexylacetate (50 g*) and N-bromosuccinimide 
(58.5 g.) in CCl^ (500 ml.) were heated to reflux. A vigorous
Preparation of 2-Bromocyclohexanone enol acetate.
This was prepared by allylic bromination of
reaction took place which required immediate cooling. The 
reaction mixture was heated on a water bath for 4-5 minutes 
for completion of the reaction. The separated succinimide 
was filtered after cooling. The filtrate was washed with 
cold water and saturated NaCl solution and dried over 
anhydrous sodium sulphate. The solvent was removed after fil­
tration under reduced pressure. On distillation under 
reduced pressure 2-bromocyclohexanone enol acetate was 
obtained as a colourless liquid (30 g.) b.p. 52-55°
(0.3-0.5 mm.) 1^5025 I.V. Machinskaya and V.A, Barkhash
ioc. cit. report b.p. 81-82° (3 mm#).
Preparation of 2-3utylidenecyclohexanone,
2-Butylidenecyolohexanone was prepared by 
Reformatsky reaction of 2-bromocyclohexanone enol acetate 
and n-butyraldehyde, by a modification of the method of 
V.A. Barkhash, G.P. Smirnova, A.T. Prudchenko and 
I.V. Machinskaya, J. Genl. Chem. U.S.S.R., 1963* 33« 2146.
In a three-necked flask fitted with a stirrer, 
reflux condenser, dropping funnel with a calcium chloride 
tube, and tube for introducing nitrogen, were placed zinc 
wool (13.2 g. ; 0 .2 8  at.), mercuric bromide (0.37 g.),
n-butyraldehyde (30 g.; 0.4l mole), and several crystals 
of iodine. Air was blown out by nitrogen and a solution 
of 2-bromocyclohexanone enol acetate (6l g.; 0.28 mole)
in anhydrous benzene (100 ml.) was added gradually over 
a period of 2 hr. Reaction began at a bath temperature 
of 60°. After the end of the addition the mixture was
Preparation of 1-Cyclohexylacetate
1-Cyclohexylacetate was prepared according to the 
procedure of I.V. Machinskaya and V.A. Barkhash, ZhOKh,
1956, 26!* 848.
Cyclohexanone (100 g.) was kept with acetic anhydride 
(312 g.) and sulphuric acid (0.76 ml.) for 9 days. The 
solution turned dark brown on standing. This was treated 
with cold water and sodium carbonate solution, and extracted 
with ether (4 s 150 ml.). The ethereal extract was washed 
with cold water, saturated sodium chloride solution and 
dried over anhydrous sodium sulphate. The solvent was 
removed after filtration and the residue distilled under 
reduced pressure. 1-Cyclohexylacetate (100 g.) was obtained 
as a colourless liquid b.p. 32-34° (1 mm.) n ^  1.4540 
(I.V. Machinskaya and V.A. Barkhash, loc. cit. report 
b.p. 52-55° (4 mm.)). Infrared Spectrum: \,ax(ca» ,
670 (w), 710 (w), 765'(w),-785 M , 805 (w),840 (w), 865 00,
910 (rn), 930 00, 1015 0 0 , 1040 (w), 1075 00 , 1X20 (s),
1215 (S), 1260 (W), 1285 (w), 1305 M ,  1360 0 0 , 1440 (m), 
1675 (m), 1700 (m), 1740 (5), 2840 (.«), 2920 (S).
Preparation of 2-Bromocyclohexanone enol acetate.
This was prepared by allylic bromination of
1-cyclohexylacetate with N-bromosuccinimide in CCl^, 
according to the procedure of I.V. Machinskaya and 
V.A. Barkhash; ZhOICh, 1956, 2j6, 848.
1-Cyclohexylacetate (50 g.) and N-bromosuccinimide 
(58.5 g.) in CCl^ (500 ml.) were heated to reflux* A vigorous
Purification of 2-butylidenecyclohexanone on a 
preparative carbowax column:-
The unsaturated ketone was purified by preparative 
gas-liquid chromatography on a carbowax column. Examination 
by gas-liquid chromatography of the component obtained on 
various columns showed it to be mainly one component with 
traces of impurities. It has u.v. X 247 mu, (in ethanol).V • 9
spectrum was identical with the one reported in The Sadtler 
Standard Spectra, Midget Edition (C), 1961, 18887.
(P. Lambert, G. Durr, and G. Millet, Corapt. rend., 1954,
238. 251, report m.p. 138°).
Preparation of 2-Butylcyclohexanone
2-Butylidenecyolohexanone (100 mg.) was hydrogenated 
over palladium on charcoal (50 mg.) in 96% ethanol (25 ml.), 
the hydrogenation being carried at ca. 10 atmospheres and room 
temperature for 0.5 hr. The hydrogenated material was 
filtered to remove palladium and charcoal, the ethanol 
removed on a steam-bath and the residue examined by gas-liquid 
chromatography on different columns. 2-Butylcyclohexanone 
was obtained as a major component along with a very small 
amount of cis- and trans- 2-butylcyclohexanol. Its retention 
time was compared with an authentic sample of 2-butylcyc1ohexanone 
(cbromatographically pure) on various columns and found to 
be same.
Its semicarbazone (from alcohol) had m.p. l40-4l°
Its 2:4 dinitrophenylhydrazone was obtained as 
orange crystals (from ethanol) m.p. 110-11°. (B.B. Blsher
and H.E. Straus, J., 1957, 588, report m.p. 110-11°).
Infrared spectrum: ^  ■ (cm.~\ 1700 (s). Thein&x #
spectrum was identical with the one reported in the Sadtler 
Standard Spectra Midget Edition (C), 1961, 18889#
Lithium aluminium hydride reduction of 2-Butylcyclohexanone.
A suspension of powdered lithium aluminium hydride 
(25 mg.) in dry ether (25 ml.) was added to a stirred 
solution of 2-butylcyclohexanone (0.5 g.) in dry ether 
(5 ml.) during ca. 15 minutes. Stirring was continued for 
10 minutes after completion of the addition. The product 
was decomposed with dilute H^SO^ (5 ml., 3N), washed with 
water, saturated sodium chloride solution and dried over 
anhydrous potassium carbonate. The solvent was removed and 
the residue examined by gas-liquid chromatography on a carbowax 
column. It consisted of a mixture of cis- and trans- 
2-butylcyclohexanol in the ratio 37*63 respectively.
Stabilised Raney nickel (B.D.H.) reduction of 2-Butylcyclohexanone
2-Butylcyclohexanone (200 mg.) was hydrogenated over 
stabilised Raney nickel (100 mg.) in 96% ethanol (25 ml,) at a 
maximum temperature of 134° and maximum pressure of 112.5 
atmosphere for 6 hr. The hydrogenated material was filtered 
to remove Raney nickel, the ethanol removed on a steam-bath 
and the residue examined by gas-liquid chromatography on a
carbowax column. It consisted of a mixture of cis- and 
trans- 2-butylcycloliexanol in the ratio 63:37 respectively.
Separation of cis- and trans- 2-Butylcyclohexanol by Column 
chromato graphy.
The mixture of two isomers (0.5 ml.) was chromatographed 
on a neutral alumina column (100 g.) and eluted with 9si 
hexane/methyl acetate mixture (500 ml.). The presence of the 
two isomers in the various fractions was detected, after 
applying spots to a silica gel plate, using anisaldehyde- 
sulphuric acid colour reagent (Thin-Layer Chromatography:
E. Stahl, p. 485). The possible fractions were then 
examined by gas-liquid chromatography on polyethyleneglycol/
600 column. The fractions containing the pure cis- and 
trans- 2-butylcyclohexanol were combined separately and the 
solvent removed under reduced pressure. Thus were obtained 
pure samples of cis- and trans- 2-butylcyclohexanol. They 
were characterised by their n.m.r. (in dimethylsulphoxide) 
and comparison of their retention times with an authentic 
sample of 2-butylcyclohexanol.
Cis- 2-Butylcyclohexanol (the component which comes 
out first on the column) n.m.r. (in DMSO); Hydroxyl proton 
chemical shift, T at 5.9& and coupling constant J(c/s) of 
4.8.
Trans- 2-Butylcyclohexanol (the component which 
comes out later on the column) n.m.r. (in DMSO)5 Hydroxyl 
proton chemical shift, T at 5.73 and coupling constant 
J(c/s) of 6*0.
Preparation of 2-Butylidenecyclohexanol.
A suspension of powdered lithium aluminium hydride 
(1.56 g. ) in dry ether (250 ml.) was added to a stirred 
solution of crude 2-butylidenecyclohexanone (25 g. ) in dry 
ether (200 ml.) during ca. 2 hr. Stirring was continued 
for 30 minutes after completion of the addition. The product 
Was decomposed with dilute E^SO^ <175 ml.; 3N), washed with 
water, saturated NaCl solution, and dried over anhydrous 
potassium carbonate. Removal of the solvent under reduced 
pressure gave a liquid (24 g.) slightly yellow in colour.
On distillation under reduced pressure the following two 
fractions were collected:
Fraction 1 : b.p. 50-56° (5 mm.) n ^  1.4842 
Fraction 2 : b.p. 72-80° (5 ram.) 1.4958
The above fractions were examined by gas-liquid 
chromatography aid fraction 2 consisted mainly of 2-butylidene- 
cyclohexanol along with small amounts of impurities.
Attemx^ted purification of 2-butylidenecyclohexanol 
by preparative gas-liquid chromatography on neopentylglycol­
adipate column;-
On examination of the component which originally 
gave a single peak on all columns tried including carbowax, 
changed into two major components during preparative gas- 
liquid chromatography on neopentylglycoladipate column.
It is believed to be an exo to endo shift of the double bond. 
Purification of 2-butylidenecyclohexanol 
Chromatographically pure 2-butylidenecyclohexanol 
was obtained by column chromatography. The unsaturated
alcohol (0*5 ail*) was chromatographed on a neutral alumina
mixture. The presence of the unsaturated alcohol in the 
various fractions collected was detected, after applying 
spots to a silica gel plate, using anisaldehyde-sulphuric acid 
colour reagent (Thin-Layer Chromatography, E* Stahl, p* 485). 
The possible fractions were then examined by gas-liquid 
chromatography on neopentylglycoladipate column. The 
fractions containing the pure 2-butylidenecyclohexanol were 
combined and the solvent removed under mild conditions. This 
sample was examined by gas-liquid chromatography on various 
columns and confirmed to be single component. Xt was 
characterised by its infrared spectrum, mass spectrum, and 
nuclear magnetic resonance spectrum:
730 (w), 780 (w), 815 (w), 825 (w), 840 (w), 870 (w), 8 9O (m), 
9 0 0 (m), 9 2 0 (w), 940 (w), 96O (w), 935 (s), 1035 M , 1085 (s),
1 1 2 0 (w), 1 1 3 5 (w), 1145 (w), 1 2 0 0 (w), 1 2 6 0 (m), 1 3 1 0 (w) ,
1325 M ,  1335 (w), 1350 (w), 1 3 8 0 (m), 1455 (s)* 1 6 6 5 (w) ,
1 7 2 0 (w), 2 6 7 0 (w), 2 8 9 0 (s), 2 9 6 0 (s), 3420 (s), 4500 (w).
N.m.r. (in CCl^): T at 4.55-4*9 (olefxnic proton
split into a triplet): T at 5.9-6.25 (proton adjacent to -OH):
T 7.94 (Hydroxyl proton): and T at 7.35-9.35 (aliphatic and 
alicyclic protons).
Mass spectrum: Molecular ion peak at 154 (the expected
molecular wt.).
column (1 0 0 g.) and eluted with 9 si hexane/methy1 acetate
Catalytic hydrogenation of 2-Butylidenecyclohexanol:-
2-Butylidenecyclohexanol was hydrogenated over 
various catalysts at ca. 10 atm. and room temperature for 
2 hr. (except nickel boride and Raney nickel catalysts for 
which higher pressures and longer times were employed)* Two 
components (cis- and trans- 2-butylcyclohexanol) were obtained 
with Pt/C, Ru/C and Raney nickel catalysts. Three components 
were obtained with Pd-black, Pd/C, Rh/C, and nickel boride. 
Product compositions were determined on PEG/400 column.
Cis- and trans- 2-butylcyclohexanol were separated by 
column chromatography on neutral alumina column.
The first component was shown to be 2-butylcyclohexanone 
by comparison of its retention time with an authentic sample 
on various columns.
Preparation of 2-Brosnocyc loheptanone.
2-Bromocycloheptanone was prepared according to the 
procedure of E.A. Braude and E.A. Evans, J. 1954, 607.
Bromine (24-0 g. ) in chloroform (150 ml.) was added 
during two hours to a stirred mixture of cycloheptanone (168 g.), 
chloroform (100 ml.), water (300 ml.) and calcium carbonate 
(75 g.). The flask was initially warmed to start the reaction 
and later cooled when necessary. Stirring was continued for 
five hours after all the bromine had been added. The 
chloroform layer xms then separated from the mixture and 
washed with water. The washings and the residue were 
extracted with ether (3 x 150 ml.). The ethereal extract 
was washed with water. The chloroform layer and the ether 
layer were combined and dried over anhydrous sodium sulphate. 
Removal of the solvent after filtration gave a dark viscous 
oil. On distillation under* reduced pressure in an atmosphere 
of Ng the following fractions were obtained.
Fraction 1 : a mixture of unchanged cycloheptanone and 
2-bromocycloheptanone (50 g.) b.p* 50-72° (1 mm.) nj^ '** 1*5105 
Fraction 2 : 2-bromocycloheptanone (60 g, ) b.p. 76-80° (1 mm. ) 
n i p 1.5175 (E.A. Braude and E.A. Evans, J., 1^54, 607, report 
b.p. 105°/10 m .  n^2 1.5137). 
and higher boiling residues.
Preparation of 2-Butylidenecycloheptanone.
2-Butylidenecycloheptanone was prepared by the 
Reformatsky reaction of 2-bromocycloheptanone and n-butyral­
dehyde , by a modification of the method of V.A. Barkhash,
6.P. Smirnova, A.T. Prudchenko, and I.V. Machinskaya, J. Gen. 
Chem. U.S.S;R., 1963, .33, 2146.
In a three-necked flask fitted with a stirrer, reflux 
condenser, dropping funnel with a calcium chloride tube, and 
tube for introducing nitrogen, were placed zinc wool (23*6 g; 
O.36 at.), mercuric bromide (0.37 g.), ethyl acetate (1 ml.), 
n-butyraldehyde (32.8 g.; 0.46 mole), and several crystals of 
iodine. Air was blown out by nitrogen, and a solution of
2-bromocycloheptanone (57.04 g.; 0.30 mole) in anhydrous 
benzene (100 ml.) was added gradually over a period of 2 hr. 
Reaction began at a bath temperature of 60°. After the end 
of the addition, the mixture was boiled for 30 minutes with 
intensive stirring, cooled and decomposed with hydrochloric 
acid (2% by vol.). Thi water layer was repeatedly extracted
with ether (6 x 50 ml.). The combined ether extracts were
washed with NaHCO^ solution and with water, dried with 
Eiagnesium sulphate. The ether and benzene were distilled 
off tinder reduced pressure. By fractionation under reduced 
pressure were obtained the following fractions 
Fraction 1 : b.p. 26-30° (1 mm.) nj^#  ^ 1.4590
Fraction 2 : b.p. 76-80° (0.5-1 mm.) nj^*^ 1.4735
Fraction 3 • b.p. 97-99° (1-2 ram.) 1.4800
Fraction 4 : b.p. 120-40° (1-2 mm.) nj^ *** 1.4818 
and higher boiling residues.
The above fractions were examined by gas-liquid 
chromatography on various columns and fractions 2 and 3 
consisted mainly of 2-butylidenecycloheptanone along with 
impurities.
Attempted purification of 2-butylidenecycloheptanone
by preparative gas-liquid chromatography on neopentylglycol-
adipate column*. A crude sample of 2-butylidenecycloheptanone
(which had been kept for a long time at room temperature)
was freshly distilled to remove higher boiling components.
It was allowed to run through the column. The chromatographs
showed two peaks (along with other impurities). One of the
components was gradually merging with the other component and
finally disappearing. The sample thus obtained was examined
by gas-liquid chromatography on neopentylglycoladipate column.
It showed one major component (of 95% purity). It also
showed 2-butylidenecycloheptanone was decomposing on the
preparative column. A chromatographically pure sample could
not be obtained. It Lad u.vj X 242 mu (in C.H-OH)max. 1 2 5
infrared spectrum, n) . (cm. ^). 675 (m), 710 (m), 770 (w),max.
805 (m), 840 (m), 920 (m), 940 (s), 980 (w), 1000 (m),
1020 (w), 1040 (m), 1060 (m), Xl40 (m), 1170 (s.),
1195 (m), 1240 (m), 1280 (m), 1320 (m), 1340 (w), 1380 (m) ,
1450 (s), 1610 (s), 1675 (s)* 2840 (s), 2900 (s)*
Its semicarbasone had ra.p. 121° (from 50% alcohol)
(Found: C, 64.75; H, 9*31» N,18.34. Ci2H21^3° requires
C, 64.54; H, 9.48; N, 18.81%).
Preparation of 2-Butylcycloheptanone.
2-Butylidenecycloheptanone (100 mg.) was hydrogenated 
over palladium on charcoal (50rag.) in 96% ethanol (25 ml.), 
the hydrogenation being carried at ca. 10 atm. and room 
temperature for 0,5 hr.
The hydrogenated material was filtered to remove
palladium and charcoal, the ethanol, removed on a steam-bath 
and the residue examined by gas-liquid chromatography on 
various columns. It consisted mainly of one component with 
traces of cis- and trans- 2-butylcycloheptanol.
(W.E. Doering and C.F. Hiskey, J. Amer. Chen. Soc., 1952, 7,4, 
5 6 8 8 , give m.p. 8 0-8 1 .5°)-
Lithium aluminium hydride reduction of 2-Butylcycloheptanone.
A suspension of powdered lithium aluminium hydride 
(2 5 mg.) in dry ether ( -5 ml.) was added to a stirred solution 
of 2-butylcycloheptanone (0 . 5  g.) in dry ether (5 ml.) during 
ca. 15 minutes. Stirring was continued for 10 minutes after 
completion of the addition. The product was decomposed with 
dilute HgSO^ (5 ml., 3N), washed with water, saturated NaCl 
solution, and dried over anhydrous potassium carbonate. The 
solvent was removed and the residue examined by gas-liquid 
chromatography on polyethyleneglycol/400 column. It consisted of 
a mixture of cis- and trans- 2-butylcycloheptanol in the ratio 
6 6 ;34 respectively.
Separation of cis- and trans- 2-ButylcYcloheptanol by column 
chromat ography.
The mixture of two isomers (0.5 ml.) was chromatographed 
nn a neutral alumina column (1 0 0  g.) and eluted with 9 si hexane/
Its 2,4-dinitrophenylhydra*one which crystallised as 
golden, irregular plates from alcohol, had m.p. 8 1-8 2 .5°
max.
methyl acetate mixture (500 ml.). The presence of the two 
isomers in the various fractions collected was detected, after 
applying spots to a silica gel plate, using anisaldehyde- 
sulphuric acid colour reagent (Thin Layer Chromatography:
S»Stahl, p. 485). The possible fractions were then examined 
by gas-liquid chromatography on a polyethyleneglycol/ 6 0 0  
column* The fractions containing the pure cis- and trans-
2-butylcycloheptanol were combined separately and the solvent 
removed under reduced pressure. Thus were obtained pure 
samples of cis- and trans- 2-butylcycloheptanol. They were 
characterised as follows:-
Cis- 2-butylcycloheptanol (the component which comes 
out first'on the column) has the following physical character­
istics
Infrared spectrum: (cm/1), 730 (m)j 790 (w),
UiOiXk 0
8 15 (w), 840 (w), 855 (w), 8 8 0 (w), 935 (m), 955 (m), 1045 (s), 
1125 M , 1140 (w), 1205 (w), 1 2 5 0 (w), 1 2 9 0 (w), 1 3 8 0 (m),
1465 (s), 1730 (w), 2 8 0 0 (w), 2 9OQ (s), 2 9 6 0 (s), 3460 (s).
N.m.r. (in dimethylsulphoxide): Hydroxyl proton
chemical shift, T at 5*96 and coupling constant J (c/s) of 4.8.
Mass Spectrum: Molecular ion peak at 170 (the expected
molecular weight).
Its 3:5 dinitrobenzoate had m.p. 53-53*5° on 
recrystallisation from alcohol (Found: C, 59*27; H, 6.72;
N, 7.79. ci8H2 4N2 ° 6 re^uires c» 5 9 .3 4 ; H, 6.59; N, 7 .6 9%).
Trans- 2-butylcycloheptanol (the component which 
comes out later on the column) has the following physical
characteristics;-
Infrared spectrum: „ (cm."1), 725 (m), 755 M ,
7 8 5 (w), 815 (m), 845 (m), 870 (m), 940 (m), 970 (m),
100 5 (s), 1025 (s), 1045 (s), 1105 (m), 1125 (w), 1165 (m),
1185 (w), 1 2 1 5 (a), 1250 (ra), 1265 (w), 1 3 0 0 (m), 1325 (w) ,
1340 (w), 1 3 6 0 (w), 1 3 8 0 (m), l460 (s), 1470 (s), 1 6 1 0 (w),
1720 (w) , 2700 (w), 2950 (s), 3450 (s).
N.m.r. (in dimethylsulphoxide): Hydroxyl proton
chemical shift, T at 5 * 8 1  and coupling constant J (c/s) of
4*8.
Mass spectrum: Molecular ion peak at 170 (the
expected molecular wt.).
Its 3:5 dinitrobenzoate had m.p. 83-84° on 
recrystallisation from alcohol (Found: C, 59*45; H, 6.41;
N, 7*54. Cl8H2 4N2 0 6 requires C, 59*34; H, 6.59; N, 7*69%).
Preparation of 2~Butylidenecycloheptanol:
A suspension of powdered lithium aluminium hydride 
(1.425 g. ) in dry ether (2 5 0 ml.) was added to a stirred 
solution of crude 2-butylidenecycloheptanone (2 5 g.) in dry 
ether (2 0 0 ml.) during ca. 2 hr. Stirring was continued 
for 30 minutes after completion of the addition. The product 
was decomposed with dil. H^SO^ (1 7 5 ml., 3N), washed with 
water, saturated NaCl solution and dried over anhydrous 
potassium carbonate. Removal of the solvent under reduced 
pressure gave a liquid (24 g.) slightly pink in colour.
Examination by gas-liquid chromatography on a 
neopentylglycoladipate column showed it to be mainly one
component along with small amounts of* impurities.
Attempted purification of 2-butylidenecycloheptanol 
by preparative gas-liquid chromatography on a neopentylglycol- 
adipate columni-
On examination of the component which originally 
gave a single peak on all columns tried including carbo wax, 
changed info two major components during preparative gas- 
liquid chromatography on neopentylglycoladipate column* It 
is believed to be an exo to endo shift of the double bond. 
Purification of 2-butylidenecycloheptanol:- 
Chromatographically pure 2-butylidenecycloheptanol 
was obtained by column chromatography. The unsaturated 
alcohol (0.5 ml.) was chromatographed on a neutral alumina 
column (1 0 0 g.) and eluted with 9 * 1  hexane/methyl acetate 
mixture. The presence of the unsaturated alcohol in the 
various fractions collected was detected, after applying 
spots to a silica gel plate, using anisaldehyde-sulphuric 
acid colour reagent. (Thin Layer Chromatography, E. Stahl, 
p. 485). The possible fractions were then examined by 
gas-liquid chromatography on a neopentylglycoladipate 
column* The fractions containing the pure 2-butylidene- 
cyclohepfanol were combined and the solvent removed under 
mild conditions. This sample was examined by gas-liquid 
chromatography on different columns and confirmed to be 
single component. It was characterised by its infrared 
spectrum, mass spectrum and nuclear magnetic resonance 
spectrum.
Infrared spectrum: ^ (cm. ^), 680 (w), 770 (w),dc\3C *
795 (w), 840 (w), 8 6 0 (w), 900 (n)t 955 (w), 9B0 (m),
1 0 1 0 (s), 1045 (m), 1 0 8 5 (w), 1 1 0 0 (w), 1140 (w) , 1 1 8 0 (w) ,
1 2 7 0 (m), 1340 (w), 1 3 5 0 (w), 1 3 8 0 (m), l4S0 (tt)v 1 6 5 0 (w),
2700 (w), 2870 (s), 2940 (s), 3400 (s).
N.m.r. (in CCl^): T at 4.5-4. 9  (olefinic proton
split info a triplet; T at 5 *8-6 . 1 5  (proton adjacent to 
-OH, also split into a triplet), T at 8.15 (OH proton) and 
T at 7.7-9.35 (aliphatic and alicyclic protons).
Mass spectrum: Molecular ion peak at 168 (the expected
molecular wt.).
Catalytic hydrogenation of 2-Butylidenecycloheptanol.
2-Bufylidenecycloheptanol was hydrogenated over 
various catalysts at ca5 10 atm. pressure and room tempex*ature 
for 2 hr. (except Haney nickel and nickel boride catalysts 
for which higher pressures and longer times were employed).
Three components were obtained with all the catalysts in 
various proportions. Product compositions were determined 
by gas-liquid chromatography on polyethyleneglycol/400 and 
TDolyethyleneglycol/ 6 0 0 columns. Cis- and trans-2 butylcyclo-
heptanol were separated by column chromatography on neutral 
alumina column and \irere characterised by their infrared,n.m.r. , 
and mass spectrum. First component was shown to be
2-butylcycloheptanone by comparison of its retention time 
with an authentic sample on various columns.
1 . 4 .
Preparation of 2-Benzylidenecyclopentanone.
2-Benzylidenecyclopentanone was prepared by the
method of A.P. Phillips and J. Mentha, J. Amer. Chem. Soc.,
1956, 78, 140.
Cyclopentanone (84 g., 1 mole) and benzaldehyde
?53 g., 0.5 mole) were added to water (1 litre) containing
dissolved sodium hydroxide (25 g.). The mixture was
stirred mechanically for 1 hr. at room temperature. The
alkali was then neutralised rapidly by the addition of
hydrochloric acid (52.5 ml., 12N). The oil and aqueous
layer were shaken with ether and the aqueous layer was
extracted with ether (4 x 200 ml.). The ethereal solution
was washed successively with water, saturated NaCl solution.
After drying over anhydrous Na^SO^ the combined ether layers
were filtered and evaporated leaving 120 g. of crude oil.
Distillation under reduced pressure gave 2-benzylidenecyclo-
pentanone (25 g.) b.p. 136-40° at 0.4 mm,-0.5 mm. which
crystallised on cooling. Recrystallisation from hexane
gave yellow crystals m.p. 67-68° (A.P. Phillips and J. Mentha,
J. Amer. Chem. Soc., 1956, 7j8, 140, report m.p. 68-6 9°)»
^max m , 231 mfi and 2 98 raji (in ethanol) (H.O. House and
R.L. Wasson, J. Amer. Chem. Soc., 1956, 7j8, 4394, report
A. 224 mu, 2 3 0 mu and 298 mu) ; ^  „ 1 7 0 2 (s) ca,"^ andmax. r’ ^ t-' * haax.
—11620 (s) cm. (in CC1^)(A. Hassner and T.C. Mead, Tetrahedron, 
1964, 20, 2201, report ^ 1722 (s) cm."**' and I6 3O (s)
cm.-1 (CC14))„.
The n.m.r. spectrum (in CCl^) shows the vinyl proton
buried in the 2.5-2.9 T region (6 protons) of the aromatic 
protons.
Its 2:4 dinitrophenylhydrazone crystallised from 
dioxane gave deep red needles decomp, at 255° (B. Bistert,
W. Reiss, and H. Wurzler, Annalen, 1 9 6 1, 6 5 0. 133» report 
decomp, at m.265°). Its oxime crystallised from aqueous 
ethanol has m.p. 128° (G. Vavon and J.M. Conia, Compt. rend. 
1952. 234, 5 2 6 , report m.p. 1 2 9°).
Examination by gas-liquid chromatography on a 
bentone 34-silicone oil column showed there to be one 
component present*. ’
Preparation of 2-Benzylidenecyclopentanol.
2-Benzylidenecyilopentanol was prepared according 
to the method of H.O, House and R.L. Wassonj J. Amer. Chem. 
Soc., 1956, 78, 4394.
2-Bonzylidenecyclopentanone (4.0 g.) in dry ether 
( 5 0 ml.) was stirred vigorously and a suspension of lithium 
aluminium hydride (200 mg.) in dry ether ( 5 0 ml.) added 
gradually at room temperature over a period of 0.5 hr. The 
mixture was stirred for another ten minutes after the 
addition. The product was decomposed with dilute H^SO^
( 5 0 ml., 3H), the water layer extracted with ether, washed 
successively with water and saturated NaCl solution, dried 
over anhydrous ICoC0_. The solvent was removed and the 
residue (3.9 g*) solidified on cooling. After repeated 
crystallisation from hexane 2-benzylidenecycloxaentanol was
obtained as colourless needles m.p. 77-78.5°(H.O. House and
R.L. Wasson, loc. cit. report, m.p. 78-79.5°), 257.5 <41max.
with a point of inflection at 252 m\x (H.O. House and R.L. Wasson
loc. cit. report X 257 mu, with a point of inflection at~ max.
252 mjj,) ; ^  3550 (s) cm.~* (unassociated OH), 3100 (&0max .
—  1cm. (associated OH)(in CC1^)(H.0. House and R.L. Wasson
loc. cit. report $ 3500 cm.*"’*' (unassociated OH) andmax .
-13 2 5 0 cm. (associated OH)(in CCl^). Its p-nitrobensoate
crystallised from (6 0-8 0°) petroleum ether has m.p. 6 8-6 9°
(E.A. Braude and W.F. Forbes, J. 1951, 1755, report m.p. 71°)• 
Gas-liquid chromatography on carbo wax column showed 
there to  be one component present.
Preparation of 2-Benzyicyclopentanone.
2-Benzylidenecyclopentanone (2.0 g.) in ethanol 
(20 ml.) was hydrogenated in the presence of palladium on 
charcoal ( 8 0 mg.) at 10 atm., and room temperature for 
0.5 hr. The hydrogenated material was filtered to remove 
palladium and charcoal, the ethanol removed on a 
steam-bath and the residue examined by gas-liquid 
chromatography on different columns. 2-Bensylcyclopentanone 
was obtained as a major component along with a very small 
amount of cis- and trans-2-benzylcyclopentanol.
Lithinw aluminium hydride reduction of 2—Benzyleyelopentanone.
A suspension of powdered lithium aluminium hydride 
( 5 0 0 mg.) in dry ether (200 ml.) was added to a stirred
solution of 2~benzylcyclopentanone ( 1 0 g.) in dry ether 
( 5 0 ml.) during ca. 1 hr. Stirring was continued for 
15 minutes after completion of the addition. The product 
was decomposed with dilute H^SO^ (50 ml.t 3N) , washed with 
w&ter, saturated NaCl solution and dried over anhydrous 
E^CO^. Removal of the solvent gave an oil (£#5 g*).
Examination by gas-liquid chromatography on a 
bentone 3 —^ silicone oil column showed it to be a mixture of 
cis- and trans- 2-benzylcyclopentanol, the trans- being the 
major component.
The two components were separated by preparative 
glc on bentone 34-silicone oil column and characterised as 
follows:-
The first component was shown to be cis- 2-benxyl- 
cyclopentanol by the preparation of its 3 : 5  dinitrobenzoate 
m.p. 91-92° (from ethanol). A.P. Phillips and J. Mentha,
J. Amer. Chem. Soc., 1956, 7,8, 140, report m.p. 90-92° .
Proton magnetic resonance spectrum (dimethylsulfoxide) has 
hydroxyl proton chemical shift, T at 5*74 and coupling 
constant J (c/s) of 3.6. Its mass spectrum had the 
molecular ion peak at 176 (the expected mol. wt. is 1 7 6 ). *
The second component was shown to be trans- 2 -benzyl­
cyc 1 op en tano1 by the preparation of its 3 : 5  dinitrobenzoate 
Hi.p. 6 6-67° (from ether-hexane) (Found: C, 61.79> H, 5.10;
N, 7.86. C1 9Hl8N 206 requires C, 6 1 .6 2 ; H, 4.90; N, 7.57%).
Proton magnetic resonance spectrum (dimethylsulfoxide) 
has hydroxyl proton, chemical shift, T at 5.54 and coupling 
constant J (c/s) of 4.8.
Catalytic hydrogenation of 2-Bengylidenecyclopentanol.
Five components were obtained as a result of 
catalytic hydrogenation of 2 -benzylidenecyclopentanol over 
various catalysts. However, there appeared to be four 
components under the conditions under which quantitative 
analyses of the hydrogenation products were carried out.
The cis-trans isomer ratio was determined by gas-liquid 
chromatography on a bentone 34-silicone oil column. The 
hydrogenation product was separated by preparative glc on 
bentone 34-silicome oil column and the components were 
characterised as follows:-
Component A: This was inferred to be 2 -benzyleye1o-
- 1pentane by its infrared spectrum in CCl^. nax (csa, ) :
7 0 0 (s), 1 0 3 2 (m), 1 0 8 0 (w), 1 3 8 0 (ra), 1455 (s), 1 5 0 0 (m),
1 6 0 0 (m), 1 7 2 0 (w), 1795 (w), 1 8 7 0 (w), 1940 (w), 2830 (s),
2 9 6 0 (s), 3 0 5 0 (m).
The characteristic frequencies could be attributed 
to a monosubstituted benzene system and the absence of any 
functional groups.
Component B: This was indicated to be 2-hexahydrobenzyl-
cyclopentanol by its infrared and mass spectral data.
Infrared spectrum (in CCl^): (ca.'~), 870 (m),
900 (s), 9 3 0 (m), 9 6 0 (w), 1025 (s), 1 0 8 0 (w), 1185 (m),
1 2 8 0 (a), 1345'. (m), 1 3 8 0 (w), 1450 (s), 1720 (w), 1 7 6 5 (m),
1840 (w), 2 6 8 0 (m), 2 8 6 0 (s), 2 9 5 0 (s), 3 5 5 0 (m), 3 6 8 0 (s).
The characteristic frequencies could be attributed 
to the absence of any benzenoid system and the presence of an 
OH function.
Its mass spectrum had the molecular ion peak at 182 
(the expected mol. wt.) and an intense peak at 164.
This was confirmed to be a mixture of cis and trans 
2-hexahydrobenzylcyclopentanol by preparation of authentic 
samples of cis- and trans- 2-hexahydrobenzylcyclopentanol 
and comparison of retention times on a bentone 34-silicone 
oil column,
Cis 2-Hexahydrobenzylcyclopentano1 was prepared by hydrogenating 
cis 2-benzylcyclopentanol ( 1 0 0 mg.) over rhodium on charcoal 
(5% j 5 0 mg.) in ethanol (2 5 ml.) at a maximum pressure of 
43 atm. and at room temperature for 6 hr. The hydrogenated 
material was filtered to remove rhodium and charcoal, and the 
ethanol removed on a st '-am bath.
Examination by gas-liquid chromatography on a 
bentone 34-silicone oil column showed it to be a single 
component.
Proton magnetic resonance spectrum (dimethylsulfoxide) 
has -OH proton chemical shift, T at 5*95 and coupling 
constant J (c/s) of 3.6 (the hydroxyl proton is split into a 
doublet but the peak at,T 5 . 9 8  i<s more intense with respect to 
the other peak at, T 5 .9 2 .
Trans 2-Hexahydrobenzy1cyclopentano1 was similarly prepared by 
hydrogenating trans- 2-benzylcyclopentano1 ( 1 0 0 mg.) in the 
presence of rhodium on charcoal (5%\ 50 mg.) in ethanol ( 2 5 ml.) 
at a maximum pressure of 40 atm. and at room temperature for
6 hr. The hydrogenated material was filtered to remove 
rhodium and charcoal, the ethanol removed on a steam-bath.
Examination by gas-liquid chromatography on a bentone 
34-silicone oil column showed it to be a single component.
Proton magnetic resonance spectrum (dimethylsulfoxide) 
has hydroxyl proton chemical shift,T at 5 .6? and coupling 
constant J (c/s) of 4.8.
Components C and D were confirmed to be cis- and 
trans-2-benzylcyclopentanol respectively by their physical 
and spectral data.
1.5.
Preparation of 2-Benzylidenecyclohexanone
The ketone was prepared by condensation of benzaldehyde 
with cyclohexanone under alkaline conditions by the method of 
W.S. Emerson, 6 .H. Birum and R.I. Longley, Jr., J. Amer. Chem. 
Soc., 1953, ZS.* 1312.
Cyclohexanone (8 8g.; 0.90 mole) and benzaldehyde 
(3 2g.; 0 . 3 1  mole) were added to a solution of sodium 
hydroxide (l8g.) in water (4.l6 litre). The mixture was 
stirred in a 1 0 1. conical flask at room temperature for 
12 hr. Acetic acid (25 ml.) was added to neutralise the 
sodium hydroxide and the mixture was extracted with benzene 
(5 x 200 ml.). The benzene solution was washed with water, 
dried over anhydrous Na^SO^, filtered and distilled to give 
2-benzylidene oy clohexanone ( 1 8 g.; 3 1% yield) b.p. 1 2 2-26^
0.25 mm.; 1 3 6-3 8/0 . 3 0  mm.; l42°/0.45 HE.
Crystallisation from hexane gave 2-benzylidene- 
cyclohexanone m.p. 54-55.5° as light yellow prisms (H.O.
House and R.L. 1 Jasson, J. Amer. Chem. Soc., 1956, 78^ , 4394, 
report m.p. 56-56.5°)» ^ 221.5 m  and 2 89 mfj, (in
ethanol)(H.0. House and R.L. Wasson loc. cit. report 
A<max 223 and 290 mji), ^ raax l678(s) cm. ^ and I59&(s)
c m . ( i n  CCl^)(A. Hassner and T.C. Mead* Tetrahedron 1964,
—  1 —12 0 , 2 2 0 1 , report at l6 7 0 (s) cm. and 1 5 8 8 (s) cm. )
The n.m.r. spectrum (in CCl^) shows the vinyl proton 
buried in the 2 .6 -2 . 8  T region ( 6 protons) of the aromatic 
protons.
Its semicarbazone with pearly lustre (from CH^OH) 
softens 193°, a. 195-96° (decompn.) (R. Poggi and P. Saltini,
Gazz. Chim. Xtal., 1932, J>2, 6 7 8 , report softens 197°, 
m. 2 0 0-1° (decompn.)).
Examination by gas-liquid chromatography on a 
bentone 3^-silicone oil column showed there to be one 
component present.
Preparation of 2-Benzylidenecyclohexanol
2-Benzylidenecyclohexanol was made by reduction 
of 2-bensylidenecyclohexanone with lithium aluminium 
hydride in dry ether by the method of M.C. Dart and H.B. 
Kenbest, J., i9 6 0 , 3563.
2-Bensylidenecyclohexanone (4 g* ) in dry ether 
(5o ml.) was stirred vigorously and a suspension of lithium 
aluminium hydride ( 2 0 0 rag.) in dry ether (5® ml.) added 
gradually at room temperature over a period of 0.5 hr. The 
mixture was stirred for another ten minutes after the 
addition. The product was decomposed with dil. HgSO^
(50 ml., 3N), the water layer extracted with ether, washed 
successively with water and saturated NaCl solution and dried 
over anhydrous potassium carbonate. The solvent was 
removed and the residue (3 * 9 g*) solidified on cooling.
After repeated crystallisation from hexane 2-benzylidene- 
cyclohexanol was obtained as colourless needles m.p. 59;$-6 0 . 5  
(M.C. Dart and H.B. Henbest loc. cit. report 60-6l°),
242 mji (in ethanol) (P.B. Russel, J., 195^, 1771, reports 
2 43 mu.) , 3 4 5 0 (s) cm. " 1 (unassociated OH), 3125(d)
cm. " 1 (associated OH) (in CCl^).
Examination by gas-liquid chromatography on a
carbowax polumn•showed there to be one component present.
Preparation of 2-Benzylidenecyclohexyl-p-nitrobenzoate
p-Nitrobenzoyl chloride ( 2 g.) in dry benzene 
( 2 0 ml.) was added to the alcohol ( 1 g. ) in anhydrous 
pyridine (5 ml.). The solution was then refluxed for 
0 . 5  hr. after which it was cooled and ether ( 3 0 ml.) 
was added* The ethereal solution was washed successively 
with 3^ HgS0j^f 3N NaOH, and H^O until the washings were 
neutral to litmus. The ethereal solution was then dried 
over anhydrous sodium sulphate, after which it was filtered 
and the ether evaporated off.to give a yellow crystalline 
solid,.which was recrystallised from light petroleum 
(b.p. 6 0-8 0°) to a constant m.p. of 120-21° (E.A. Braude 
and J.A. Coles, J., 1950, 2014, report m.p. 124°).
Preparation of 2-Benzylcyclohexanone
2-Bensylidenecyclohexanone (10 g.) was hydrogenated 
over palladium on charcoal (0.4 g.) in $6% ethanol ( 1 0 0 ml.), 
the hydrogenation being carried at ca. 10 atm. and room temp, 
for 0 . 5  lir.
The hydrogenated material was filtered to remove 
palladium and charcoal, the ethanol removed on a steam-bath and 
the residue distilled under reduced pressure. The fraction 
b.p. 170-71°/20 mm. was collected (yield 9*5 g.)(P.B, Russel,
J. 1954, 1771, gives b.p. l6Q°/12 mm).
Examination by gas-liquid chromatography showed, on 
a bentone 3 4-silicone oil column,there to be one component
present.
Its semicarbazone had m.p. 163-64° on recrystallisa­
tion from ethanol (K.v. Auwers and W. Treppmann, Ber.,
1915, 48, 1 2 2 2 , report m.p. 1 6 6-6 7°)•
Lithium aluminium hydride reduction of 2-Benzylcyclohexanone 
A suspension of powdered lithium aluminium hydride 
( 2 5 0 rag.) in dry ether ( 1 0 0 ml.) was added to a stirred 
solution of 2 -benzylcyclohexanone (5 g.) in dry ether 
( 2 5 ml.) during oa 0 . 5  hr. Stirring was continued for
10 minutes after completion of the addition. The product 
was decomposed with dilute H^SO^ ( 5 0 ml., 3N), washed
with wafer, saturated NaCl solution and dried over anhydrous 
potassium carbonate. Removal of the solvent gave an oil 
which partially crystallised (4.8 g.). This was examined 
by gas-liquid chromatography on a bentone 34-silicone oil 
column. It consisted of a mixture of cis and trans 
2-benzyleyelohexanol in the ratio 30 : 70 respectively.
Recrystallisation from pentane gave the pure 
trans-2-benzylcyclohexanol m.p. 76.5-77° (P.3. Russel, J., 
1954, 1771, reports m.p. 77°).
Gas-liquid chromatography on a bentone 34-silicone
011 column showed it to be only one component.
Its 3 : 5 dinitrobenzoate had m.p. 133*5-34° (P.B. 
Russell, J., 1954, 1771, reports m.p. 133-35°) on 
recrysfallisation from methanol.
Separation of Cis- and trans- 2-Benzylcyclohexanol by thin- 
layer chromatography.
A mixture of cis- and trans- 2-benzylcyclohexanol 
(2 5 mg.) was separated on a layer of silica gel prepared 
in the standard way, using the solvent system benzene-ethyl 
acetate (19 : 1). After development, the dried thin layer 
was sprayed with water until transparent, heated to 35-4-0° 
on a hot plate. The separated layers were extracted with 
ether and examined by gas-liquid chromatography on a bentone 
34-silicone oil column and found to be single components.
Cis-2-Benzylcyclohexanol m.p. 47-48°.
Its 3 * 5-dinitrobenzoate had m.p. 126-27° (P.B. 
Russel, J., 1954, 1771? reports m.p. 129°).
Catalytic hydrogenation of 2-Benzylidenecyclohexanol
Five components were obtained as a result of 
catalytic hydrogenation of 2 -benzylidenecyclohexanoi over 
various catalysts. However, there appeared to be four 
components under the conditions under which quantitative 
analyses of the hydrogenation products were carried out.
The cis-trans isomer ratio was determined by gas-liquid 
chromatography on a bentone 34-silicone oil column. The 
hydrogenation product was separated by preparative glc on a 
bentone 34-silicone oil column and the components were 
characterised as follows:-
Component A: This was shown to be 2-benzylcyclo-
hexane by its infrared spectrum and its analysis.
Infrared spectrum (in CCX, ) , 5^ (cm. ^): 700(s),t: m&x«
735(w), 850(w), 900(w), 910(w), 940(w), 965(w), 100Q(w), 
1 0 3 0(w), 1 0 6 0(w), 1 1 0 0(s) , 1 1 3 5(s), 1 2 6 0 (w), 1 3%5 M ,  
1430(s), l495(m), l6 0C(m)X740(w), X7 9 0 (w), l8 6 0 (w), 
1940(w), 2840(s), 29XO(s), 3020(m).
The characteristic frequencies could be attributed 
to a monosubstituted benzene system and the absence of any 
functional groups.
(Found: C, 89.47; H,io.44. ^X3^l8 re(au -^res
C, 89.59; H, 10.41%).
Component B: This was indicated to be 2-hexahydro-
benzyleyelohexano! by its infrared spectrum (in CCX^) i^na3C (cm 
855(m), 895(a), .9 3 5 (10), 970(s), 980(s), X045(s), 1 0 6 5 (m),
1100(w), 1120(w) , 1175(w), 1220(w), X260(w), 132Q(w), 1345(w), 
1375(v), l445(s), 1725(m), 2640(d), 234o(s), 2 9 1 0(s), 3 5 0 0 (m), 
3630(b).
The characteristic frequencies could be attributed 
to the absence of any benzenoid system and the presence of an 
OH function.
This was confirmed to be a mixture of cis- and 
trans-2 -hexahydrobenzylcyclohexanol by preparation of 
authentic samples of cis- and trans-2-hexahydrobenzylcyclo- 
hexanol and comparison of retention times on a carbowax column
Cis-2-Hexahydrob enzyIcyclohexano1
Was prepared by hydrogenating cis-2-benzyleyelohexano1 
( 2 5 0  mg.) o ver rhodium on charcoal (5%i 50 mg.) in
ethanol ( 2 5 ml.) at a maximum pressure of 45 atm. and at
room temperature for 6 hr. The hydrogenated material was 
filtered to remove rhodium and charcoal, and the ethanol 
removed on a sfearn-bath. A colourless product was obtained 
which on recrystallisation from ethanol had m.p. 47-48°
(R. Cornubert, G. Barraud, M. Cormier, M. Descharmes, and 
H.G. Eggert, Bull. Soc. Chim. France., 1955, 400, report 
m.p. 46-48°$. Its phenylurethane had m.p* 112° (from 
acetone) (R. Cornubert et al loc. cit. report m.p. 114-15°)•
Proton magnetic resonance spectrum in dimethyl­
sulf oxide has hydroxyl proton chemical shift, T at 5.99 
and coupling constant 3 (c/s) of 3 .0 .
Examination by gas-liquid chromatography on a 
carbowax column showed it to be a single entity.
Trans-2-Hexahydrobenzyleyelohexano1
Was similarly prepared by hydrogenating trans-2- 
benzylcyclohexano1 ( 2 5 0 mg.) in the presence of rhodium on 
charcoal (5%; 50 mg.) in ethanol ( 2 5 ml.) at a maximum
pressure of 88 atm. and at room temperature for 6 hr.
The hydrogenated material was filtered to remove rhodium and 
charcoal, and the ethanol removed on a steam-bhth. The 
product was recrystallised from ethanol, m.p. 63-64°
(R. Cornubert et al, Bull. Soc. Chim. France, 1955, 400, 
report m.p. 63-64°). Its phenylurethane had m.p. 105-6°
(R. Cornubert et al, loc. cit., report m.p. 106°).
Proton magnetic resonance spectrum in dimethyl- 
sulfoxide has hydroxyl proton chemical shift, T at 5*74 and 
coupling constant J (c/s) of 4.8.
Examination by gas-liquid chromatography on a carbowax 
column showed it to be a single entity.
Component C: This was confirmed to be cis-2-benzyl-
cyclohexanol (m.p. 47-48°) by the study of its n.m.r. The 
n.m.r. taken in dimethyls ulfoxide had hydroxyl proton 
chemical shift, T at 5.&1 and coupling constant J (c/s) of 
3.6.
Component D: This was confirmed to be trans-2-
benzylcyclohexanol by the n.m.r. taken in dimethylsulfoxide 
(hydroxyl proton chemical shift, T 5 * 5 0 and coupling 
constant J (c/s) of 6 .6 .),
1.6
Preparation of 2-Benzylidenecycloheptanone
2-Benzylideneeyelolieptanone was prepared according 
to the procedure of R# Baltzly, E. Lorz, P.B. Russel and 
F.M. Smith, J. Amer. Chem. Soc., 1955* 77, 624.
Cycloheptanone (100 g.) and benzaldehyde (60 g.) 
were added to a solution of potassium hydroxide ( 2 0 g.) in 
water ( 3 5 0 ml*)* The mixture was refluxed for 3 Lr. an<3. 
after cooling the oily layer was extracted with ether. The 
ethereal solution was washed with dilute H^SO^ and then 
with water* The ethereal solution was dried over anhydrous 
Na^SO^ and the solvent removed. The residue was distilled 
under reduced pressure. Forerunnings passed over up to 
8 6° at 20 nun. (ca. 15 g.). The pressure was then decreased 
and the main fraction ( 5 0 g.) boiled at 1 2 8° (0 . 2 5  mm.).
The material solidified on scratching. After recrystallisa­
tion from hexane it formed colourless prisms m.p. 3 8 .5-3 9 *5 °
(H.O. House and R.L. Wasson, J. Amer. Chem. Soc., 1956, 78,
4394, report m.p. 40-40.5°)* Repeated recrystallisation
did not alter the m.p. X 223 mu, and 2 8 3  mu, (in ethanol).max.
(H.O. House and R.L. Wasson, loc. cit. report X 222 mp, and 
284 mu,) ; a) (cm. ^), l602(s), and l674(s)(in CC1, )* £123.2*.# ft
— X(H.O. House and R.L. Wasson, loc. cit. report 1680 cm. (s)).
The n.m.r. spectrum (in CCl^) showed the vinyl proton 
buried in the 2 .5-2 . 8 5  T region ( 6 protons) of the aromatic 
protons.
Its 2 i 4 dinitrophenylhydrazone crystallised from 
CgHg«*cyclohexane as red needles m.p. 155-56° (B. Eistert,
W. Reiss, and H. Wurzler, Annalen, 1 9 6 1, 6 5 0 , 133 report m.p. 157^.
Examination by gas-liquid chromatography on a 
bentone 3^-silicone oil column showed there to be one 
component pre s ent.
Preparation of* 2-Benzylidenecycloheptanol
2-Benzylidenecycloheptanol was prepared according to 
the method of* E.A. Braude, W.F. Forbes, and E.A, Evans, J., 
1 9 5 3 , 2 2 0 2.
2-Benzylidenecycloheptanone ( 1 6 g.) in dry ether 
( 2 0 0 ml.) was stirred vigorously and a suspension of 
lith ium aluminium hydride (0 . 8  g.) in dry ether ( 2 0 0 ml.) 
added gradually at room'temperature over a period of 1 hr.
The mixture was stirred for 30 minutes after the addition.
The product was decomposed with dilute H^SO^ ( 2 0 0 ml., 3N), 
the water layer extracted with ether, washed successively 
with water and saturated NaCl solution, and dried over 
anhydrous K^CO^* The solvent was removed and the residue 
( 1 5 g*) distilled under reduced pressure (Hg diffusion pump); 
2-Benzylidenecycloheptanol was obtained as a colourless 
viscous liquid b.p. 120°/10*'^ mstt. 1.5780 (Found; C, 82.16
H, 8.91* requires C, 83*12; H, 8 .9 6%) E.A. Braude,
¥.F. Forbes, and E.A. Evans, J. 1953, 2202, report b.p. 102°/
5 x 10 Ena. ; n^ 3 = 1.5775.
X 248 mu. (in ethanol), E.A. Braude, W.F. Forbes,
max.
and E.A. Evans, loc. cit* report ^raaX- ^ max. ^ cm*
350G(s) (unassociated OH) and 31QQ(m) (associated OH)
Mass spectrum: Molecular ion peak at 202 (the 
expected molecular wt.).
Its p-nitrobenzoate had m.p. 87-88° on recrystallisa­
tion from methanol (Found, C, 71-64; H, 5.96; If, 4*20.
C2lH21N04 recluires c» 71-77; H, 6.02; N, 3.9&%).
Examination by gas-liquid chromatography on a ■ 
carbowax column showed there to be one component present.
Preparation of 2-Bengylcycloheptanone
2-Benzylidenecycloheptanone (250 mg.) in ethanol 
( 2 5 ml.) was hydrogenated in the presence of palladium 
on charcoal ( 5 0 mg.) at 10 atm. and room temperature for 
5 minutes. The hydrogenated material was filtered to 
remove palladium and charcoal, the ethanol removed on a 
steam-bath and the residue examined by gas-liquid 
chromatography on a bentone 34-silicone oil column. 
2-Benzylcycloheptanone was obtained as a major component along 
with a small amount of cis- and trans 2-benzylcycloheptanol.
Lithium aluminium hydride reduction of 2-BenzylCycloheptanone 
A suspension of powdered lithium aluminium hydride 
( 5 0 0 mg.) in dry ether ( 2 0 0 ml.) was added to a stirred solution 
of 2-benzylcycloheptanone ( 1 0 g.).in dry ether ( 5 0 ml.) 
during ca. 1 hr. Stirring was continued for 15 minutes after 
completion of the addition. The product was decomposed 
with dil. (50 ml., 3N), washed with water,, saturated
NaCi solution and dried over anhydrous K^CO . Removal of
the solvent gave an oil (9*5 g.). Examination by gas- 
liquid chromatography on a bentone 34-silicone oil column 
showed it to be a mixture of cis- and trans-2-benzylcyclohep- 
tanol, the cis- being the major component*
The two components were separated by preparative 
glc on a bentone 34-silicone oil column and characterised 
as follows:
The first component was shown to be cis-2-benzyl-
cyclohepianol by its n.m.r. (in dimethylsulfoxide)• • It
has hydroxyl proton chemical shift, T at 5 * 7 6 and coupling
constant J(c/s) of 4.8. Its mass spectrum had the
molecular ion peak at 204 (the expected molecular wt, is 204.).
—  1Infrared spectrum (cm. ), 3480(s), 3080(m)yiaax,
(Found; C, 8 2 .5 8 ; H, 9*85; ^14^20^ reQu^:reS 82.30;
H, 9 *8 6%).
Its 3 : 5  dinitrobenzoate recrystallised from ethanol- 
petroleum ether (6 0-8(?) has m.p. 134° (Found; C,:63.25;
H, 5.80; N, 7.11. C2lH22N2°6 re(luires c> 8 3 .30; H, 5.56;
FT; 7*03%).
The second component was shown to be trans 2-benzyl­
cyc lohept anol by its nmr (in dimethylsulfoxide). It has 
hydr0x3a. proton chemical shift, T at 5.51 and coupling 
constant, J(c/s) of 4.8.
Its 3*5 dinitrobenzoate recrystallised from 
methanol had m.p. 102-3° (Found: C, 62.66; H, 5.72;
N, 7.10; C21H22N2°6 rec2uires C> 63.30; H, 5.56; N f 7.03%).
Catalytic hydrogenation of 2~Benzylidenecycloheptanol
Five components were obtained as a result of 
catalytic hydrogenation of 2 -benzylidenecycloheptanol over 
various catalysts. However, there appeared to be four 
components present chromatographically (the second component, 
which was shown to be a mixture of cis- and trans 2 -hexahydro- 
bemzylcycloheptanol by its nvia.r. was not distinguishable 
chromato'graphically on all columns tried)# The cis-trans 
isomer ratio was ’determined by gas-liquid chromatography on 
a bentone 34~silicone oil column. The hydrogenation 
product was separated by preparative gas-liquid chromatography 
on a hentone 3^-silicone oil column and the components were 
characterised as follows:
Component A: This was inferred to be 2-benzylcyclo-
—1heptane by its infrared spectrum in CCl^. ^ m£ix (cm. ), 7 0 0 (s),
9 2 0 ( ei) , 9 6 0 (w )  , 1 0 3 0 (m), 1 0 7 0(m), 1 0 9 0(w), 1 1 5 5(w), 1 2 0 0(w)
1280(w), 1310(w), 1330(w), 1355(m), 1380(w), l455(s),
1 5 0 0 (m), 1 6 0 0 (m), 1690(w), 1 7 9 0 (w), l8 6 0 (w), 1940(w), 2 3 8 0 (w),
2690(w ), 2860(s), 2 9 2 0 (s), 304C(m), 3 0 8 0 (m).
The characteristic frequencies could be attributed
to a monosubstituted benzene system and the absence of any 
functional groups.
Component B: This was indicated to be 2-hexahydroben-
zylcycloheptanol by its infrared and mass spectral data.
V —1Infrared spectrum (in CC1, ). ^ (cm,” ), 660(w), 700(w),
855 M , 8 8 0 ( w ) , 9 0 0 (m), 935(ra), 9 7 0 (m), 1 0 2 0(s), 1045(s),
1 2 0 0 ( w ) , 1 2 5 0 (w), 1 2 7 5 (w), 1 3 5 0(w), 1 3 8 5 (w), l450(s), 2680(w),
2860(s), 2940( s ), 3 5 2 0 (m), 3 6 8 0(m).
The characteristic frequencies could be attributed 
to the absence of any benzenoid system and the presence of 
a hydroxyl function.
Its mass spectrum had the molecular ion peak at 
2 1 0 (the expected molecular wt.) and an intense peak at 1 9 2 .
^ This was shown to be 2-hexahydrobenzylcycloheptanol
by preparation of authentic samples of cis- and trans- 
2-hexahydrobensylcycloheptanol and comparison of retention 
timeson a bentome- 34-silicone oil column.
This was confirmed to be a mixture of cis- and 
trans- 2-hexahydrobenzylcycloheptanol by its n.m.r. (in 
DMSO). It had two OH proton chemical shifts, T at 5.98 
and 5.84 (the two OH protons were split into doublets).
Cis 2-HexahydrobenzyIcycloheptanol was prepared by 
hydrogenating cis 2 -benzylcycloheptanol ( 1 0 0 mg.) over 
rhodium on charcoal (5%l 50 mg.) in ethanol ( 2 5 ml.) at
a maximum pressure of 88 atm. and at room temperature 
for 6 hr. The hydrogenated material was filtered to remove 
rhodium and charcoal, and the ethanol removed on a steam-bath.
Examination by gas-liquid chromatography on all 
columns tried showed it to be a single component.
Proton magnetic resonance spectrum (dimethyIsulfoxide) 
has hydroxyl proton chemical shift, T at 5 * 9 8 and coupling 
constant J(c/s) of 4.8.
Trans 2-Hexahydrobenzylcycloheptanol was similarly prepared 
by hydrogenating trans 2-benzylcycloheptanol ( 1 0 0 mg.) in
the presence of rhodium on charcoal (5%, 50 nig.) in ethanol 
( 2 5 ml.) at a maximum pressure of 95 atm. and at room 
temperature for 6 hr* The hydrogenated material was 
filtered to remove rhodium and charcoal, the ethanol removed 
on a steam-bath.
Examination by gas-liquid chromatography on all columns 
tried showed it to be a single component.
Proton magnetic resonance spectrum (dimethylsulfoxide) 
has hydroxyl proton chemical shift, T at 5*84 and coupling 
constant J(c/s) of 4.8.
Components C and D were shown to be cis- and trans 2- 
benzylcycloheptanol respectively by their physical and 
spectral data.
Preparation of Nickel boride P-l catalyst
NigB-Pl catalyst was prepared according to the 
method of C.A. Brown and H*C. Brown, J. Amer. Chem. SoC.,
1 9 6 3 , 8 5 , 1 0 0 3.
NiACg.iK.O ( 2 0 0 mg.) in distilled water ( 1 0  ml.)
was placed in a 1 0 0 ml. conical flask and flushed with a 
continuous stream of N^. To the magnetically stirred 
solution, 2.42 ml. of a 1.0 M solution of NaBH^ in H^O 
was added over 30 sec. with a syringe. The aqueous phase 
was decanted from the granular black solid and the latter 
washed twice with ethanol ( 1 0 ml.) decanting the wash liquid 
each time. The catalyst (ca* 50 mg.) was then ready for 
the hydrogenation.
Preparation of Raney nickel ¥-3 catalyst
Raney nickel ¥-3 catalyst was prepared according to 
the procedure of A.A. Palvic and H. Adkins, J. Amer. Chem. 
Soc., 1946, 6 8 , 1471.
A solution of sodium hydroxide (64 g.) in water 
(250 ml.) was prepared in a 1-litre conical flask. The 
flask was placed in a water bath, and the alkaline solution 
was stirred mechanically by a Herschberg-type stirrer.
B.D.H. Ni-Al (50-50) alloy (50 g.) was added to the alkaline 
solution in portions of 0 .5-1 * 0  g. at intervals of 2 minutes 
so that the temperature was maintained at 50 1°. Frothing
was minimised by the addition of 1 - 2  ml. of ethyl alcohol.
When all the alloy had been added the alkaline 
solution was kept stirred for a further 5 0 minutes at 5 0°
(wardi water bath). The blackish-grey catalyst was then 
transferred to a 1-litre measuring cylinder; the alkaline 
solution was decanted, and the catalyst was washed 6 times
with water by stirring and decantation.
Further washing of the catalyst was carried out by 
siphoning water (15 litres) through the stirred catalyst.
The catalyst was then washed with 96% ethyl alcohol
(3 x 1 5 0 ml.) followed by 99% ethyl alcohol (3 x 1 5 0 ml.),
each time the catalyst was stirred with a glass rod, centrifuged
for 5 minutes and the alcohol was decanted. The catalyst
was finally stored under 99% ethyl alcohol.
Preparative Gas-Liquid Chromatography 
(Experimental Conditions)
Separations were done using Aerograph Autoprep Model 705 
Gas-Chromatograph as follows:
:! Sample
Column 
loading 23% 
length 10*0” 
diameter 3/8”
Temp
; °c •
2-butylidenecyclopentanone 
and 2-butylidenecycXo- 
: heptanone
Neoponiylglycol- 
adipate
180°
2-butylideneeyelohexanone Carbowax 1 9 0°
Attempted separations of 
2-butylidenecyciopenianol, 
t. 2-butylidenecycXohexanol 
- and 2-butylidenecyclohep- 
; tanol
; Neopentylglycol- 
adipate
1 5 0°
Hydrogenation product of 
2-butylidenecyclopentanol
Carbowax 110°
Hydrogenation product of 
: 2-benzyl!deneeyelopentanol
Bentone 34-Silicone 1 
Oil
175°
Hydrogenation products of 
2-benzylidenecyclohexanol 
i; and 2-bensylidenecyclo- 
■: heptanol ;
Bentone 34-Silicone 
Oil
180°
L
